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"Now," said Rabbit, "this is a Search, and I've organized it . .. .

"Done what to it?" said Pooh.

"Organized it. Which means.., well, it's what you do to a Search
when you don't all look in the same place at once."

. . . From The House at Pooh Corner
By A. A. Milne

This study describes current theater-level war gaming efforts being

conducted by and for the U.S. Army. There are eight chapters. Chapter

One defines the purpose, scope, methodology and objectives of the study.

The purpose includes the determination of the current status of Army

modeling efforts and examination of selected theater-level models. A

primary objective is to connect elements of the literature from the late

60s to the emerging efforts of the 80s. Thus, current theater-level war

gaming efforts may be viewed in relationship to many modeling issues and

problems.

War gaming literature forms the basis of Chapter TWo. Important

books, model reviews, workshops, contract studie7 and Department of the

Army documents are discussed. A stage is set for understanding issues

and problems of the Army Model Improvement Program (AMIP) which is the

subject of Chapter Three. Management and organizational structures are

examined relative to the wider modeling community. Since the focus of



the study is on theater-level war games, AMIP and Combined Arms Study

and Analysis Activity (CASA) relationships to the Concepts Analysis

Agency (CAN) are explored.

A general discussion of contractor effort is covered in Chapter

Four. Chapter Five contains an examination of selected theater-level

models. Several aspects and features of the McClintic Theater Model

(MTM) are contained in Chapter Six. Its use by the U.S. Army War

College is discussed along with its current development.

An arrow to the future is provided by Chapter Seven. Special

modeling needs of the High Technology Test Bed/High Technology Light

Division (HT/H LD) are examined. The need for forward, proactive

thinking is discussed along with possible initiatives that can be taken.

Finally, Chapter Eight ends the study with summary thoughts, recom-

mended future research and some thought-provoking specific actions for

implementation. Among these are suggestions for: professional develop-

ment of the military element of the modeling community; model and data

base requirements, future organization structures and relationships;

and, urgent present needs. Included in this last suggestion is the

publication of an am- ial Department of the Army Models Catalog. Such a

catalog could develop beyond a tabulation into a modeling review and

analysis document that would track, on a yearly basis, the development

and use of all models used by the U.S. Army.

S bjet Area and bJecives

The subject area concerns the use of computer models for study and

analysis. Modeling activities undertaken by and for the U.S. Army are

examined with focus on theater-level war games.

Objectives of this study are:

I ,2



(1) To describe current Army efforts on theater-level war

games.

a. Describe Army organizations involved in modeling.

b. Discuss selected contractor activity.

c. Discuss improvement efforts.

(2) Examine catalog,/review/evaluation efforts.

a. Examine Studies, Analysis and Gaming Agency (SPG&)

and Concepts Analysis Agency (CAA) catalogs/tabulations.

b. Examine periodic review documents.

(3) To discuss the war gaming/modeling literature.

a. Defense technical Information Center (DTIC) Docu-

ments/Texts/Cor respondence.

b. Perceived modeling issues/prcblems.

(4) To discuss features of the McClintic Theater Model (MTM).

a. The FCRU M and PASCAL versions.

b. The top-down structure.

c. Adoptions, Joint service use, Tactical Command

Readiness Program ( TP).

d. Results of ANC play with NATO and SW Asia scenarios.

(5) To examine theater-level war games other than TM.

(6) T examine High Techmology Test Bed modeling needs.

a. The future of war gaming.

b. Unique modeling features remuired by an advanced

Technology Force.

(7) To present conclusions from research and make recommend&-

tions that contribute to dialogue in the war gaming community.

4' 31- -~- ".-.. ~ ~''-L



Purposes and Preliminary Results

The purposes of this study were:

(1) To determine status of the Army modeling effort with

focus on theater-level war games.

(2) To examine specific models with emphasis on the MoClintic

Theater Model (MTM).

(3) To obtain recent information on catalog/review/evaluation

efforts.

(4) To describe the most significant elements from the

literature since about 1970.

(5). To examine the organizational structure for Army

modeling.

(6) To examine HTTB/HmD modeling needs.

(7) To determine/discuss modeling issues/problems.

Preliminary results of this study yielded the following points and

reccaunendations:

(1 PIntot

&. Relationships between the CSA, VGA, SPMO, 7RNOC,

AMIP and SA(CR) require continuing clarification relative to the

management of Army models.

b. In 1971, a recommendation was made to create a DA

level scientific advisor for studies and models. Among major responsi-

bilities was the coordination of technical reviews with DUSA(CR).

c. No previous methodology existed for evaluation of

Army models prior to the 1971 study.

d. An annual Army models catalog could aid development

of models, elimination of models, model improvements and evaluation of

previous and on-going modeling activities.

4



e. Army personnel connected with studies and analysis

(modeling) have not been highly involved in gaming workshops and profes-

sional meetings such as those held by ORSA and TIMS. Higher level

decision makers and users have been notably absent.

f. Modeling development has exceeded the Data Base

Management System effort. In the future, models will require increasing

amounts of data, especially as USAF modules are incorporated into Army

models and specific test data and data voids are integrated. Consistent

data management will require increased awareness and coordination among

decision makers at the different MNAOMS involved in ANIP efforts.

(2)

a. Perform thorough, annual, independent evaluation of

model usage and development.

b. Continue emphasis and support of the AMIP in order to

achieve an initial, tested integration of the model hierarchy by the end

of 1983.

c. Create a cataloging element within the Army modeling

community to provide a description and classification scheme for the

production of an annual Army Models Catalog.

d. Increase dialogue and exchange of information between

model builders, data producers and model users with analysts in the Army

and the wider technological-scientific community. 7his can be acoomp-

lished by increasing membership in professional societies and attendance

of professional conferences by Army personnel.

e. Send a message, prepared by the ANIP Director, to the

WS (OR) requesting coordination plans for Army models and centralized

agency data management. An initial step could be review of the 1971,

-?To



1975, and 1979 model review - reports which contain specific proposals

for DUSA(MR) coordinating activity.

f, Design a proactive component to studies and analysis

(modeling) activities by creating initiatives for future efforts.

Critical areas are the JMMS, data voids, Army and Air Force cooperation,

and basic theories of future combat (e.g., year 200).

This study treats current and developing Army efforts in war gaming

with focus on the McClintic Theater Model. Modeling issues and problems

of organizations such as CASAA, AMIP, HTTB/HIL, CAA, OJCS/SMA and

others are presented. Theoretical and practical considerations posed by

various organizations such as the Naval Post-graduate School are also

discussed. Cost considerations are not included. The emphasis is on

describing what has been done in the recent past, current efforts and

possible future directions.

The study began with a review of war gaming literature in order to

weave a connective thread from about 1970 to the present. Interviews

and correspon e were established with organizations and personnel

involved in Army modeling issuec. Detailed study and play of MTM was

accomplished and an examination of HT[I/HTW modeling needs was made.

Travel included trips to the Combined Arms Center and Ft. Leaven-

worth, QJC/S A, the Naval Post-graduate School and IREM, Fort Lewis,

Concepts Analysis Agency, WM Corporation and to an Operations Research

Society of America/the Institute of Management Science (ORSA/TIMS) con-

ference in Detroit. During the conference, I met with several contract

j personnel including Dr. Seth Bander, President of Vector Research Insti-

6



tute (VRI). There were other organizations and personnel that I would

like to have visited but was unable to due to events of the USANC-82

year. I did receive several documents through the mail and had several

informative phone conversations with personnel that were not on my

travel schedule.

A detailed survey form was used to gain specific information on

several theater-level models. An abbreviated survey was also conducted

into the use of the Student War Game Model at the U.S Army War College.

7



C iAPTER II

JRVEY OF 2HE LIMERBMUE

"Operations Research may be regarded as a branch of
philosophy; as an attitude of mind towards the relation
between man and environments; as a body of methods for the
solution of problems which arise in that relationship."

... From QLJuarnal, 1958

By M. G. Kendell

War games have a rich history yet their exact origin is unclear,1

Possibly they originated as part of the training or planning involved in

war. Consideration by a commander and his staff of a few scribbles in

the sand may have constituted the first war game.

Chess-type war games were used during the 170s. In 1811, Von

Reisswitz, the Prussian War Counselor at Breslau, used a scaled terrain

model with troop symbols for war games. His son, Von Reisswitz, Jr. is

considered the "father" of modern war gaming.2  He made refinements in

scale and used red and blue figures to represent opposing forces. He

also provided rules of procedure, introduced collection of intelligence

and used scenarios for game starts. Specially prepared dice were used

to simulate random outcomes of battlefield events. When Von Meffling,

Chief of the German General Staff in 1824, saw an exhibition of the game

he exclaimed:

It is not a game at alli It's a training for wari I shall
recomend it most eqfatically to the whole army.

work with war games continued in Germany throughout the 180 with



varying degrees of rigidity in game structure. Then, prior to World War

I, war games were used extensively by the Germans for development of

military plans. Several other countries began using war games before

and during World War II and their popularity has increased ever since.

By 1960, developments with computers made it possible to carry out

several versions of a game with many detailed computations. These early

games were often called man-machine-games since the computer was refer-

red to as a computing machine.

Dramatic evolutionary steps have been made over the last 20 years

in computer technology. Computers are now closely associated with

models. Along with an increasing level of weapon system complexity,

computer models (war games) have also become increasingly complex.

Their present use extends well beyond their simple beginnings as

training and planning tools.

Mni1 Diumnmirms and I'axonemj

During 1977, an investigation into the many problems of combat

modeling at the theater-level was held at Leesburg Virginia. 4 This

meeting represented a first attempt to look at all of the major factors

pertaining to the development of theater-level models. The meeting's

breadth of coverage thus brought to the surface a multitude of problems

requiring attention. This macro approach was considered to be a neces-

sary path to attacking finer points of methodology and technique.

A repeated issue during the meeting was the need for a "theory of

combat" or for a better understanding of the "phenomenology of combat."

Three basic dimensions of modeling were defined as:

(1) Twhnmiqu

a. ilitary exercises

9



b. Manual war ganes

c. Computer assisted war games

d. Analytic/Computer games (analytic models, simulations)

e. Interactive (or player-assisted) computer games

(2) Scope

a. Global and theater-level

b. Major engagement or battle

c. Local engagement, 'many-on-many-units"

d. Local engagement, "one-on-one" duel
(3) Appication

a. Force Planning

b. R&D planning, management and evaluation

c. Operational planning and evaluation

d. Training and education

These dimensions are shown in matrix form by Figure 1.5 Contrast

this matrix with the gaming spectrum and characteristic trends shown

in Figure 26 While these figures are important to the development of

a taxonomy of military models, they are not descriptive either of the

level of model complexity or of the influence of the players. For

example, a computer-assisted (computerized) theater-level simulation may

have an interupt capebility that makes it similar to a computerized

theater-level war game. Additionally, there are several overlapi such

as an interactive computer-assisted war game. Nevertheless, the figures

represent good ways of viewing the many uses and purposes of models.

is
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T3e Ml Ccommity

Lawrence Low describes the list of attendees at the 1977 Theater-

Level Gaming and Analysis Workshop for Force Planning to be from the

following three distinct communities:

(1) Government (defense and defense-related activities: U.S.

and allied)

(2) Contractor (U.S. and foreign)

(3) Academic (government and private, U.S. and foreign) 7

Within the government are formed two user categories. one is the

decision/policy maker. The other is the advisory and analytical staff.

A further break-out is provided by Dr. Frank Kapper in Figure 3, which

shows model design, development and data base components of the modeling

ccumuunity. 8

Organizations which make up the modeling community within the U.S.

Army are shown in Table L Note that although the Army Models Improve-

ment Program (AIP), Management Office (AMMO) is shown under the U.S.

Army Training and Doctrine Command (RADOC) it is chartered by HMA.

The Combined Arms Center and Fort Leavenworth is the TRADOC executive

agent for this program.

13
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TABLE I

ARMY STUDIES AND ANALYSIS OMWAITY O NIZATIONS

Office Deputy Under Secretary of the Army for Operations
Research (DUSA(CR))

Study Program Management Office (SPO), OCSA
S&4CC (Study Program Coordination Subccmmittee)
Technical Advisor Office, ODCSOPS
Advisor for Research, Development and Acquisition, ODSRDA
Research and Studies Office; Human Analysis Team, ODCSPER
Study Management Office, ODCSLOG
Red Team, C CI
Program Analysis and Evaluation (PA&E), OCSA

Strategic Studies Institute (SSI)
Concepts Analysis Agency (CAA)
Army Nuclear and Chemical Agency
Army Research, Development and Acquisition Information

System Agency
Logistics Evaluation Agency
Army Research Institute (ARI)
Military Personnel Czmind
Engineer Studies Center

Major Ccimmands

US Army Europe
US Army Intelligence and Security Comand
US Army Ccamunications CamndUS Army Forces Commd

US Army Training and Doctrine Ccmand

DCS, Combat Development - Analysis Directorate
TRADOC Systems Analysis Activity ()RASANN)
Combined Arms Combat Development Activity
Combined Arms Studies and Analysis Activity (CASAA)
Army Models Imovement Program Management Office (AKIP/AWC)
Logistics Center
dhIn Center

15
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TABLE I ARMY STUDIES AND ANALYSIS COMMUNITY ORGANIZATIONS (Continued).

Schools/Centers

Armor
Artillery
Air Defense
Infantry
Aviation
Engineer
Transportation
Quartermaster
Missile and Munitions
Intelligence
Signal
Military Police
Ordinance and Chemical

US Army Materiel Development and Readiness Ccmuand (IWACt)M)

Battlefield Systems Integration Directorate
Systems Analysis Division
Armament Materiel Readiness Cimmand
Comunmicatiohs and Electronics Materiel Readiness Command
Missile Materiel Readiness C=Wand
Tank-Autcmotive Materiel Readiness Ccumand
Troop Support and Aviation Materiel Readiness Command
Araet Research and Developuent Command

Aviatiot Research and Developnent Clonand .
SAm y nications Research and Devel ment ymmand

Electronics Research and Development CemgTnd and Harry
Diamond Laboratories

Mobility Equipmet Research and DevelopmOtff
Missile Research and Developrent Ccmnand

Natick Research and Development CaTank-Automotive Research and Development Coumid.
US Army ateriel System Analysis Activity (AMSAA)US Army Management Engineering Training Agency (AMM
Depot System amn
inventory Research Office
Logistics Studies ffice
Logistics Control Activity
Security Assistance Center
Procurement Research Office
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Problgus and Issues

Several recent publications discuss problems and roles of models in

defense decision making.9 ,1 ',1 1 While there is considerable overlap in

their coverage, they tend to complement each other in their identifica-

tion of major issues such as:

(1) Professional responsibility for model-building activity

(identification of individuals involved in study and analysis)

(2) Standards and rules for model builders and garners (manage-

ment and overall direction)

(3) Professional communication (coordinated efforts between

agencies, contractors, etc.)

(4) External recognition and professional review

(5) Theory and supporting data (the need for a better under-

standing of modern combat and a data base management structure)

(6) Validation of models1 2

Recommendations have been specific to improving standards,

stewardship and performance. 13

A recent GPO report directed its recommendations to DMi and to the

Congress. Apendix IV to the report contains a DOD response and a GPD

rebuttal which illustrates an entirely separate problem or issue. A

story, which was told to me as I was conducting my examination of Army

models, is revealing to the nature of this problem.

There once were two farmers who planted their crop. Shortly
after planting their seeds, one farmer dug up the seedlings to
see how they were doing. As his plants continued their
struggle for growth they were constantly interupted to "see
how they were doing."

The other farmer, having planted his seeds properly, stood
back #z- observe their growth into maturity.

17
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This simple story has continued to amuse me ever since. At first I

was sympathetic to the analyst's complaint that his work was complicated

by a pntinuing investigation and review. There is, of course, another

viewpoint - perhaps the crops have not been "properly" planted.

A 1975 study by J. A. Stockfisch concentrates on the imbalance

between theoretical and empirical endeavor in DCC study and analysis.1 4

Further comments by Stockfisch at the 1977 theater-level workshop decry

the need for combat theory and better data. Stockfisch commented:

. . . several times during this meeting I've found myself
sort of reminiscing like Prince Andre, saying to myself 'What
are these pe1e talking about? Does it make any
difference.'

A recent special study group report, chaired by Mr. David C. Hardi-

son, present Director of CAA, gives a basic review of analytic resour-

ces, organizations and procedures. 1 6  Its central thrust, philosophy and

goals were approved for implementation by the VCSA on 22 March 1979.

CAR was assigned to the DA staff for analytic support to HQDA staff

with an enlarged mission to include personne]/manpower and logistical

analysis. Also approved was an increase of analytical capability at

CAa, a Study Program Coordination Committee (SPOC subcommittee to the

SEEODM and an enlarged Study Program Management Office (SPHO).

This review also set up a specific outline and plan for implementa-

tion of an Army model hierarchy. It identified major concepts which

have now evolved as shown by Figure 4. The hierarchical concept is to

tie in models across the aplication spectrum as well as along the scope

axis (different levels from theater to "one-on-one'). Specific computer

modeling techniques used for each of these purposes and applications are

also to be omp tible.
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The basic structural concept for such a lash up is shown by

Figure 5. This concept, along with other proposed actions of the

review, constituted a major step forward in developmient of the Army's

analytic capability and coordination. M"n of its recommendations per-

taining to improvements in models, regulations, analytic personnel and

organizations are still being implemented today.

Proposed actions for a quality assurance program for models were:

(1) Agencies and MACOMlS should insure that programs are

partly self-initiated (at least 10 percent) and provide adequate resour-

ces (at least 15 percent of program) for methodology development.

(2) Assure that agency/activity label is affixed to study

reports and that principal authors and significant contributers are

identified by name on the reports.

(3) Continue (or initiate) prepublication internal peer

review.

(4) Begin a SF110 program of external peer review.

(5) Institute measures for study sponsor to feed back to

study doer information on strengths, weaknesses and utility of study

products.

(6) Each major analytical organization can make use of a

distinguished Board of Visitors, with members from both within and

outside the Army to periodically review its work program and operations.

(7) Hold periodic conferences of the senior members of the

Army analytical community to identify problems within the community and

suggest corrective action.

(8) Orient the Arm~y Operations Research Symposium so as to

foster comumunication, exchange studies, and especially recognize work of

high quality.
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In 1975 a review of models, with emphasis on the division level,

was conducted by Mr. Phillip Louer and others. Its purpose was to

define Army requirements, evaluate models with respect to requirements

and to provide guidance for improvement and future development. Ade-

quacy and efficiency of the Army's family of models was of primary

concern. Because of the lack of centralized model control, management

and development problems contributed to inconsistency and redhundncy.

The study also presented the concept of a hierarchy of models and

discussed the merits of interactive gaming versus total simulation.

Several division problms cited by the study. Systems for maneuver

units, direct support and non-divisional support all required functional

evaluation. Thes systems are directly linked to requirements for model

coverage and performance.

Out of 15 candidate models identified as pertaining to division

level operations, the following were selected for review: DIWAG,

DIVCES, DOM AND D1VIEV. Also included were JIPFY, WLMIAN I, CEM IV,

AND DACrA&O Punctional models such as C(ME (Communications), AII(E

II (C2) and DIVSIFT ='IS) were also tagged for analysis for their fit

into the division models.

In December 1971, a steering committee, which included Dr. Payne,

then Deputy under Secretary of the Army (Operations Research), appointed

an ad hoc committee to review selected Army models.1 8 The final report,

rendered in May 1971, was chaired by Dr. J. Honig, OAVCSA, with members,

R. Blum, Major H. Holland (Secretary), D. Howes (STAG), D. Lester

(OM(CR)], . Myers (AMSM), and . Zimmermm 19 Their primary ack-

nowledgements were to the Research Analysis Corporation M and the
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Strategy and Tactics Analysis Group (STG. Dr. Seth Bonder, (VRI), Dr.

J. Bruner (RAC), Dr. P. Lowry, Dr. Gordan Clark and Mr. Walter Eckhart

were acknowledged for their assistance. Dr. Mader was cited as the

author of an appendix on movement rates and co-author of an appendix on

firepower scores.

Since T. previous methodology existed for evaluation of Army models

prior to this 1971 study, it defined sawe steps toward such a goal.

Models were classified by type and command level. They ranged from war
games to computer simulations for theater and corps/divisin levels.

All battalion level models were total simulations: DYNWZCS, IVA,

CARKOIETIE, and BO . The range and level of the others are shown in

Table II.

Criteria for evaluating models was based on validity and utility.

Criteria for evaluation were:

(1) Validity of the model.

(2) Logical consistency.

(3) Mathematical correctness.

(4) Degree of real life represented.

(5) Analytical visibility of the model.

(6) Ability to answer questions.

(7) Reponsivneas.

(8) Efficiency.

I 23
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((QJI(K) CCRPS BM) linear-FIEA)
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No theater models were found in 1971 which were able to address

force mix or employment problems. Use of the AAIS model was deemed

questionable and TARTAJS did not provide meaningful results.

Division level war games were considered more useful because of the

difficulty of simulating command decisions. Possible tie-ins were sug-

gested for DIV B4 and a theater-level game. LGICN and DIVJM were

recommended for scraping in favor of DIVWAG, a game under development.

The battalion level game, UflSCS was considered to be the most

realistic Army model in 1971. Its high resolution features allow

research into weapon systems and small unit combat interactions.

CARMCNETTE was the preferred production model. It was concluded to not

maintain IVA as a preferred model.

The study discussed the need for lower level models to be inte-

grated with higher level models.

Serious problems were also found with input data. The most serious

problem was for target acquisition, suppression and neutralization data.

Six areas were considered the most important to future research for

improving Army models.

(1) Problems of Aggregation.

(2) Target Acquisition.

(3) Night Operations.

(4) Information Processes.

(5) Suppression and Neutralization.

(6) Decision Processes.

Mention of C31 or electronic warfare was not made although item 4

mentioned developmental efforts to increase the effectiveness of tacti-

cal units through automated information processing.

Along with an inadequate DA organization, the study found inade-125
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quate documentation concerning the models themselves. In many cases no

technical review, validation or evaluation effort surrounded the model

development and use. The study made the following recommendations:

(1) Reduce the number of models retained.

(2) Employ personnel more effectively.

(3) Require detailed, independent, review of retained models.

(4) Validate models against historical fact or with other

models.

(5) Accomplish more complete documentation to include all

implicit rationale and subject results to independent technical

review.

(6) Determine model applicability to analytical questions in

detailed model reviews.

(7) Maintain acceptable models.

(8) Before building a new Army model specify objectives and

an examine existing models.

(9) Appoint an Army Scientific Advisor for Studies and Models

with an office of 4-5 professionals.

The advisor would report directly to the AVCSA and coordinate with

the coordinator of Army Studies. Responsibilities would include coordi-

nation of all Army models, identification of data requirements and

facilitation of needed research. Status reports to the AVCSA on models,

developments, research and data collection would also be made.

The recommendation for validating models is a difficult one. His-

torical fact does not exist for validation of a model of current and

future warfare. According to James Taylor of the Naval Post-graduate

School, it is misleading to use ae model to validate another model. 20
So i26



I believe that what is needed or desired is model compatibility. Each

one is based on the same basic data set or subset.

Thus, as envisioned in hierarchical concepts, a battalion level war

game could produce detailed results for the battalion that would be

compatible with the aggregated results obtained from both a division

level and a theater-level war game. Even though the theater-level war

game may use aggregated inputs for the battalions effectiveness in

combat the results could be "validated' in detail by the battalion level

war game.

The use of the term validation itself is somewhat misleading in the

context of current use of Army models. No past event exists for valida-

tion of models unless we are attempting to model a past event. Even

then, the model can only be partially validated depending upon the

accuracy of historical records and general agreement as to the accuracy

by the intellectual community, ie., Scientists, Historians, Analysts.

The 1.971 report did not consider nuclear operations, logistic

support models, air defense or fire support beyrond the close combat

zone.

As for hierarchy of models, no links between the existing 1971

model levels were found. How successful or unsuccessful use of a par- I
ticular model had been with respect to how decisions were then made in

the Army was unclear. Examination of the Army decision making process

was considered beyo~nd the scopie of the study.21

The study listed five desirable characteristics for the theater

level models:

(1) Force Plarming and Pauirunts.

(2) Force Structure and Mixes.

(3) Logistic Suport.I 27



(4) Force Employment.

(5) Training.

ATLAS, VG and JIFFY are based on WW II and Korean data about

division movements, casualties and ammunition expenditure. They use

aggregated firepower scores and force ratios to determine 6gagement

results.

EFATERSPIEL, 7CM and %TVRWAUS attempt more detail and finer reso-

lution by fitting together detailed component processes. TCM appeared

to be the best theater-level model at the time, although it needed to be

checked against a war game.

The committee felt that a theater-level war game capability was

needed to serve as a research tool to advance the state-of-the-art as

well as to improve simulation capability.

Adequate measure is required for firepower, mobility, C3I and

logistics. In low resolution models, aggregated effects are accounted

for by the use of force ratios and firepower scores for assessing

casualties and movement.

Measurement of firepower effects is hindered by lack of historical

data on many new weapons. Other aspects of combat such as mobility,

C3 1 and logistics also need to be accounted for their influence on force

ratios. The committee concluded that firepower score techniques were

obsolescent at that time and improved means for assessing engagement

outcomes was needed.

One approach suggested is the use of tables Cevelcped from output

of high resolution models. Thus a theater-level war game would use as

input, data developed from lower-level models. Because the firepower

score approach lacks ability to account for individual weapons and

26



synergistic weapon effects the problem of aggregation was cited as the

highest priority research area. The aggregation problem was followed by

problems with target acquisition, night operations, information pro-

cesses, suppression and neutralization and the decision process as other

high priority research areas.

In June 1971, Drs. Shubik and Brewer completed a questionnaire for

models, computer machine simulations, games and studies.2 2 The purpose

was to examine DMD models and to provide a description and classifica-

tion scheme for a catalog which would: provide model information, aid

construction of new models and aid evaluation of previous and current

activities.

One of the results of this 1971 effort was their publication in

1979, of Mhe War ---me! A Critiqu of Military Problem Solvn Since

most of its references ate pre-1978 it did not forsee the major develop-

ments that have occurred since., It did, however, point to the fact that

the really creative, difficult work-in the field or operations Research

(modeling) has only begun.

In the next chapter, one of the most recent and significant Army

modeling efforts toward a hierarchy of models is described.
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CHAPTE III

ARY M3DELIN EFFORS

This chapter discusses the background to the current models

improvement program, the management structure, models and model evolu-

tions. The Army model hierarchy is also discussed in relation to an

analytical hierarchy.

.akrounW W ann =t at r&

The idea of linking detail models of combat with highly aggregated

ones dates back at least to 1971. At that time, the Army Models Review

Committee discussed the need for a hierarchical set which would use

outputs from high resolution models as inputs to less detailed ones.1

Likewise, downward links could be established by using aspects of

scenarios developed at theater level for input to lower level models.

The perceived value of such a lash up between macro and micro models led

to current Army efforts to produce an improved set of interconnected

models.

The Army Model Improvement Program (AMIP) was created in 1989 as

a direct result of the 1979 Hardison Review of Army Analysis. This

review recommended the development and implementation of a family of

integrated models with a supporting data base.2

The program is administered by the Army Model Improvement Program

management Office (ANO) and Port Leavenworth. The models range from
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the theater-level to the lowest-level of combat. Each one is to be

configured in four separate versions to meet needs for: training;

personnel/equipment allocations and employment; research; and, model

interconnection. Features of these four versions are:

(1) The Training Versions

a. Interactive

b. Consistent between levels

c. Easy to use

d. mpasis on the Cperational Art at the Theater-level

(2) Simulation Versions

a. operate without gamer interaction

b. Investigate alternative weapon systems at lower levels

c. Examine strategy at higher levels

d. Analyze organization structures

e. Use probabilistic event outcomes

f. Yield a range of answers with sane input data

(3) Research Versions

a. Assess value of new doctrine

b. Assess potential of new systems

c. Provide insights to combat processes

d. Provide insights to rear area processes

e. Provide insights to human factors

(4) Interconnect Versions (Ersatz Models)

a. Provide upward and downward links

b. Provide order of battle distributions

c. Provide attrition and conswjetion rates

d. Provide ocmpatible data between models

33
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These four versions will be developed for a theater-level force

evaluation model (FOOMM), a Corps and Division evaluation model

(CURDIVEM) and a Combined Arms and Support Task Force Model (CASTWCiEM).

Model features are shown by Table III. Note that FCRCEM will be derived

from the current Concepts Evaluation Model (CEM). The hierarchical

structure is shown by Table IV. All activities have responsibilities

for data base development to support the four versions of each model

level.

Development is to proceed by accomplishing seven major tasks:

1 Concept Based Requirements

2 Model Function Design

3 Assessment of Existing Models

4 Model Design Specification

5 Software Developnent

6 Data Base management Eystem

7 Testing and Implementation

Analysis of user requirements is an ongoing process which is pres-

ently in its third iteration. Thus, Task Number One is a continuously

developing check-list for planned uses and model constraints;

3
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TABLE III
HIERARCHICAL MOL FEAURES

rEm TWo-sided, Symmetric, Combined

Arms Model

Evolved From CEM V

Fast Running

Linked to Hi-Resolution
Division Mxel for Attrition
Results

Modular Development

Operational December 1984

Design Objectives Underway
- Functional Area Input
- Studies Verification

1Two-Sided, Symmetric, Combined

Arms odel

Advanced Graphics

Replace CACDA JIFFY Wargme

Gaer Input Decision Logic

Operational September 1982 in
Interactive Version

Attrition Linkage Demonstrated
CORDIVEN AIMLM 1 Version

- Design Objectives Task Foroe
- Technical Assesment
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TABLE III (Continued)

TJJWo-Sided, Symmetric, combined
Arms Model

Variable Resolution

Extensive Decision Logic

Enhancements
- Nuclear

- Ctimization of Code

TABLE IV
AIP HIEWROICAL STRIU=RE

MCTIVIW ~ R STHTLTT!

Scenario D3D/DA Scenario Development

FCRM Forcs/Theater CA Force Level Models
(Several Corps/

Divisions)

CODIVEM Major Okanizaticn CACDA Major Organization
(Corps bivisions) mdels
Brigades/Task Forces

CASTFCPM Snall Units MASA Small Unit
(Pattlaions/Co.) Processes
Task Force ystem

ITN/SYS&M AM4AA Individual Item and
Weapon Systm
Performance

Once the models are installed and used, an iterative improvement

process is envisioned based on user feedback. The management structure

for task accomplishment is shown by Figure 6. The Army Models Committee

(MC gives guidane and assistance to the AMMO a reguired. The AMC

alsmo o3icts periodic review of AIP status. 3  he MC, chaired by the

Deputy Under Secretary of the Army for Operations Research (SA(OR)),
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is the highest Army level responsible for management and direction of

Army Modeling effort. 4

TRADOC serves as the executive agency with the Commander, Combined

Arms Center being the executive agent. Resource Groups include CAN

CASM, TRASAM and their associated data bases, The Data Base Manage-

ment Group includes representatives fran DARMDM, OTEA, (DC and others

associated with basic data.

37
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AMIP MANAGEMENT

MODELS

COMMITTEE

EXECUTIVE

AGENCY
TECHNICAL

EXECUTIVE REVIEWS

AGENT

MANAGEMENT

OFFICE

S MODEL DATA BASE

RE SOURCE MANAGEMENT

GROUPS GROUP,

Figure 6 ARMY MODELS IMPROVEMENT PROGRAM MANAGEMENT
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Linknaagte Nd

Model linkage will evolve with model development and be dependent

upon directed study requirements. The use of compatible scenarios and

common data bases will serve to increase the chance of similar outcomes

from different models. The FCRN/CCIDIVEM interface can be enhanced by

the use of similar offensive/defensive postures assumed for opposing

forces. Similar terrain, visability and mobility conditions used in both

models will also add to their usefulness for compatible analysis.

Many other aspects of a theater-level study can be specified to be

compatible with a study of one corps or division slice. Experience with

the process will help refine the methodology and will further demon-

strate the value of this type of analysis. In terms of results, a

theater-level model played in highly aggregated terms can be much more

believable when backed up by compatible results all the way down to high

resolution battalion outcomes.

A suggested starting point for methodological development is to use

DIVEM for a division analysis defending against three attacking Soviet

divisions over high mobility terrain in clear, dry weather.
5

A FCRCEM Analysis of the Corps containing the ORDIVEM division

could then serve to continue linkage methodology by conducting a study

of OEMIM Corps and FCM Theater (Several Corps) results.

*~ ~ ~ ~ ~ h g~ ~mutign f aa~r n raNdl

F(p will address the Issues of alternatives for improved force

readiness, design of theater force structure, and determination of

theater resources required for sustained combat operations. Its deve-

lopmnt in plamed to take the shape of a series of discrete improvement

steps from the arrent theater model, (ZN-V. As CZN modules are rep-
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laced or new modules are added, the model is planned to allow for

structural changes while remaining available for concurrent studies.

The effects of the modular changes can thus be examined in a stepwise

fashion as the hierarchical program develops. Areas planned for

improvement include C2 , intelligence, communications, maneuver/combat,

electronic warfare, combat support, combat service support, air opera-

tions, and environment.

The Concept Evaluation Models (CEM) is a theater-level simulation

of conventional war which evolved from Kriegspiel, the manual war game

developed for the German General Staff in the 1930s. In CEM-V the

battle area is divided into corps sectors with sub-sectors for brigades

on the Blue side and divisions on the Red side. Attrition is calculated

by the use of a force ratio index number that involves Weapons Evalua-

tion Indices/Weighted Unit Values (WEI/WM) scores. Terrain is treated

in aggregated bands across sub-sectors Supplies are explicitly

treated. Penetrations can be treated to a limited degree with alloca-

tion of forces to flanks. The maximum number of types of units is 56.

The force being simulated can contain up to eight different types of

cannon. Direct suport artillery is assigned to brigades/regiments.

Time periods are: corps, one day; Army, two days; theater, four days.

Bhortage of supplies can affect outcomes. There are two notional air-

craft types per side. There is an explicit command structure with

decisions made according to decision rules based on force ratios and

unit status. Three postures are available to units; attack, tfwd,

delay. The many uses of CXX are shown by Table V.
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TABLE V

USES OF THE CONCEPTS EVALUATION MODEL
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The CCRDIVEM Model is corps level in scope with the capability of

simulating either a division or a corps. Its primary use is to supply

information for design and force structure trade-off enalysis of Army

organizations such as brigades, divisions, and corps. A secondary use

is to support studies of systems normally organic to major organiza-

tions. Its development has proceeded from the Integrated Corps (IOJR)

Model and other models resident at CACDA.

The TOM family of simulations (CLEW II, IOMR, TOR, WARRANT) are

for corps level operations and were designed to be applied to a variety

of analysis including nuclear weapon use, interdiction, sensor systems,

and command and control. The battle area is laid out on a hexagonal

coordinate system allowing two-dimensional movement of forces. Penetra-

tion, encirclement, and over-run are explicitly represented. Attrition

is calculated by a modified Lanchester equation including suppression,

visibility, terrain, and other factors.

The model is operated interactively with the operator (force

commander) on each side being presented with information from represen-

tations of sensor systems and from status reports on his own forces.

The ground forces operate by the operations reaction system that

responds to orders given, the status of the unit postured, and the

situation. The time interval (usually five minutes simulated time) is

the actual calculation time for events simulated. Weapon types are

specific. Units move by operations codes and are affected by terrain,

supWression, massing, and perceived threat. Artillery missions include

target servicing indirect fire (7IS , counterfire, interdiction, and

supresion of enmy air defense. Air sport is represented by a

notional air basu from which sorties are generated by the operator.
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Aircraft types include helicopters. Air defense is explicit. Intelli-

gence sensors are generic or specific depending on the version of the

simiulation. For explicit sensors (IMMZ, SIGJYT, and maneuver unit

acquisition - air and ground) the information is processed and presented

to the appropriate level of command. Logistic support is explicit for

both conventional and nuclear operations. Command and control links

exist from corps through battalion.
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AMP/Aa1lyvtia Hierarchies

Army Analysis is undertaken to determine the allocation of person-

nel, equipment and material to combat. Thus, studies determine how a

force is to be structured, maintained, used and sustained, constraints

of time and money further define the allocation process.

The numerous decisions involved are illustrated by Table VI, which

shows the hierarchy of analysis to support the allocation process. The

AMIP family of models is overlayed on this hierarchy to support force

system analysis. The middle line in Table VI, denotes a crossover from

highly quantifiable detailed studies to those involving increasing

levels of intuition. Direct relationships between the analytical and

AMIP hierarchies are also shown. For example, battle analysis to deter-

mine the best allocation of unit configuration of personnel and equip-

ment, and their employment, can be supported by the F(CPEM model.

In the 1980 GAO report on models, a caution is posed in proceeding

from the "weapon configuration" type of analysis to the "weapon effec-

tiveness" type of analysis because of differences between analytical

levels.6 Although the report did not discuss the formation of the MIP,

it did note that no single model or analysis is used to support alloca-

tion decisions. Rather, groups of studies tend to create consensus on

major issues. Analysis interacts with intuition and opinions until

major issues are resolved2

The development of a consistent analytical process and exchange of

information, considered important to the GO report, will be enhanced by

the AKIP evolution. This can occur by increasing model linkage and

methodology in order to give greater depth to analytical studies.
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TABLE VI

ARMY MOM.L MORDU PGRAM AND ANALYTICAL HIMAROIES

MILZ. k.Z evel of alMyia Trade-offs

FaRi Battle
Casualties Atauers and Types

Units Movement Rates of Unit
Weather Weapons Attrition Unit Tactics
Topography

ODIEM Encounter
Multiple Weap- Targets Killed Weapons Mixes

ons Types per Day/Sortie Sub-unit Tactics
Ceiling/Visi- Exchange Ratios

bility
Terrain

CATFr Engagement
Single Weapons Probability of Weapons Tactics

Types Killing a Single and Design
Controlled Target Features

Conditions Probability of
Los to Single
Attritor Type

SYSTEM LEVL Cperations
Weapon Prop- Enduranoe Design Specifi-

erties Range/Speed cations
Fire Rate

7w LEVL Engineering
weepon Co1- Weight Design Features

figuration Pwer
Size

Souzrce: Extracted fran Didicm of Effectivenes in General Purpose
Force Analysis, WKe M Corporation, 1974 and AMMO .SA
briefing charts, 11b. 1982.
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53ADOC Wcxila Mkr aagent

In addition to the AMMO set of models there are many others that

require management. Among these are combat developments and training

models which are managed by TIRADOC. A regulation is now being written

to take an inventory of 1PAOW models, other than those under AMIP,

which require management attention. 8 A ETADOC Models Committee is to be

formed by DCSCD in order to establish model goals, determine status of

models and make recommendations for model development, enhancement and

elimination.

The draft regulation envisions an annual 1RNOC Model Program

document which will include model reviews based on the work of a 5RADOC

models committee. As such, it will include an executive report, status

of the model inventory, review and analysis of performance, and model

plans and programs. It will also discuss advances in hardware, software

and the modeling arts. Progress in data base management and necessary

future directions will conclude the report.

The present draft regulation envisions a RNac Models Committee,

established by DCSC, H R IADOC, casisting of the following individuals:

(1) ADCSCD - Joint Chaiman

(2) ADCST - Joint Chairman

(3) Director, S&AD, DCSC), RADOC - Member

(4) Director, Analysis Directorate, DCST, 7RADOC -Nuber

(5) Director, 5MANA - Member

(6) Director, CASAA - Med er

(7) Director, BDS, CMRRM - Member

(8) Scientific Advisor, LOC - Nsmer

(9) Scientific Advisor, BBC - Member
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(10) Director, D7'D, ATSC - Member

(11) Technical Director, S&AD - Member and Recorder

The draft regulation, as now written, appears to be a significant

step toward providing needed guidance to the modeling community. If

fully implemented, the annual Model Program document can be a signifi-

cant management tool. At the very least it could provide a convenient

single source, catalog reference to RADOC models. As for the regula-

tion coverage, it appears that some "small" models may still escape

inclusion, and thus management control.

The draft appendixes include a model survey form that can be compu-

ter coded, and a section for definition of terms. Both of these are in

good draft form and can be easily improved and expanded as the RDOC

Models Management Program becomes reality.9
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CI IPMig IV

SwLCMD QONTRATO IWDED EFEOM

Models, of course, are not a new concept, their development
and use being integral to the physical sciences dating back
conservatively, 500 years to Nioclaus Copernicus and,
liberally, 2490 years to the Greek philosophers.

Dr. Seth Bonder

Contractors play a significant role in military study and analy-

sis.2 Although not without criticism, their role in Army analysis is

extremely important.3 For example, Brewer and Shubik attribute the

creation of the Studies, Analysis and Gaming Agency (0.7C/SA) to the

work of RAWII

The PAD Corporation is well known for their early work in the

field of gaming and simulation. Their investment in modeling activity

and analytical studies is considerable.

Prior to 1972, the Fasardi Analysis Corporation was a major gaming

and modeling center. At that time, however, it withdrew from its status

as a Federal Contract Research Center M= and was assumed by General

Research Corporation (00. Later still, GC beoame a subsidiary of

low Genral Corporation. contimes to do analysis for the Army but

on a sharpy reaued basis.5

One of the largest contract proteusional services firms is WX

International, Inc. (M 6  For s ral years MN has provided analysis

for M /M/IW raw Pact forces. y maintain active analysis in mar
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defense areas which include studies for weapon systems, intelligence,

threat, air defense, ground combat and the impact of new technologies.

In 1980, BDM expanded their capability to participate in advanced

defense programs including cruise missiles, strategic mobility and light

division vehicles.

Other modeling contractors, mentioned by Brewer and Shubik, include

Stanford Research Institute, Battelle Memorial Institute, Tech Cps,

Raytheon, General Electric, Booze-Allen Hamilton and Vector Research,

Incorporated CRI). Brewer and Shubik estimate that about 40% of DOD

modeling activity is undertaken by the Army and that about 60 to 71 of

this is done by contractors.7

Vector RCUrch. TrncoraAWl

Vector Research Incorporated, is an independently-owned company

organized for the purpose of assisting government and industry in the

structuring and solution of complex operating and planning problems.

The company was formed in August 1969, to apply concepts in operations

research and systems analysis to real-world problems.

iTe present full-time technical staff of VRI consists of engineers,

scientists, mathematicians, and economists, a large majority of whom

hold advanced degrees in their specialty fields. Present experience of

staff members includes military services (several staff members are

retired officers, and others have had extensive active duty experience),

extensive academic experience (both teaching and research), industrial

experience, and experience in both private and government organiza-

tions.
8

VRI is well knmown for its pioneering work in modeling ground cm-

bat.Fro thir orkan ~dsingbasic conibat processes they produced
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the Vector theater-level model. The latest of this series is VECTOR-3.

VECTIR-2 is currently operational on the Command and Control Technical

Center (CCTC) Honeywell System. Tables VII, VIII, IX and X show recent

examples of VRI research for the Army.

TABLE VII

Conversion of VECTOR-2 to UNIVAC at TRASANA

Contract: Contract Number 1859, US Army TRASANA, White Sands Missile
Range New Mexico, 1981

Synopsis: Under the terms of this contract, VRI converted and implemen-

ted the AMDAHL version of the VECTCR-2 Combined Arms Combat

Model on the UNIVAC 110-82 at TRASANA. Supplementary docu-

mentation was developed and provided, and the model bench-

marked a five day SCORES Europe I Sequence 2A Scenario.

Sensitivity runs involving CAS, artillery effectiveness, and

intelligence were executed and analyzed. In a parallel task,

VRI examined the combat effectiveness analysis requirements

of the I/EW MAA and Lethal Attack on Emitters Studies and

identified VECT'OR-2 modification necessary to support those

studies.

Report: VOMMB-2 Documentation, VRI-TRNOC-7 FRSI-l, 29 July 1981.
Volume I: Main Report, Apendices A-D, Volume II: Apendix
E, Sections W. and E.2, Volume III: Appendix E, Sections

. and e.4.

Letter to Mr. Gale R. athaijen, Director, USA TRASAA,
VRI-UmADOC-7 FR81-2, 25 August 1981.
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TABLE VIII

Preparation of VEC tR-2 Corps Model to Play a Land/Air
Military Campaign in the Mid-East

Contract: C-274113, Vought Corporation, Dallas, Texas, 1981

Synopsis: The purpose of this effort was to develop a combat scenario

placing a US Rapid Deployment Force in conflict in the Mid-

East and to implement this scenario in the VCIM-2 Corps

level combat model. Representatives from the Army and the

Air Force contributed to the development of the scenario,

which represents a plausible contingency setting for the RDF.

The project involved extensive modification to VRI's Corps

level VDC'10-2 combat model; data collection on force compo-

sition,- terrain, etcj and formulation of tactical decision

rules appropriate to the situation describe& The scenario

was implemented on the VBMXMi -2 model, resulting in a base

case which demonstrated aras for future study of contingency

and mdbile force operations.

Report: Southwest Asia scenario IMASIA-1 (TA, VlI-VJQ -5 FR8-1,
VRI-G-8I-18, Vctor lesearch, Incorporated, Am Arbor,
Michigan, 3 April 1901 (0301).
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TABLE IX

Research for Pire Support Mission Area Analysis

Contract: DAA29-76-D-4160, Delivery Order Number 1519 from Battelle
Columbus Laboratories, 1980

Synopsis: This contract for the specific scientific services of Dr.

Robert Blum (USAWC-74) of VRI was administrated by Battelle

for the Army. The objective of the required research was the

identification and description of target array elements and

characteristics that should be evaluated in subsequent fire

support analyses. Since successful engagement of the target

array is the ultimate measure for accomplishing the fire

support mission, each analysis had, or was based on, a clear

and ccmprehensive representation of the target array.

Report: Letter report, TRADOC-2 FR8-1, Vector Research,
Incorporated, Ann Arbor, Michigan, October 1980.
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NLE X

Analysis of Relative Values of Land Weapon System

Contract: MR903-78-C4453, Assistant Secretary of Defense (PME), 1978

Synopsis: BD(PA&E typically uses static indicators to investigate

questions relating to force structure and the balance of

forces in various theaters. The primary indicators involve

weighted linear sums of force weapons. ?he purpose of this

study was to: examine relative marginal contributions of

various ground weapon systems to force effectiveness as

measured by exchange ratios and other attrition-based

measures; examine the sensitivity of these marginal contribu-

tions to changes in data sources, assumed threat, and assumed

force structure; and recommend a set of weapons class effec-

tivenem indicators.

Report: Analyses of the Relative contributions of land Weapon Systems
to Force Performance, VRI-PA&B- F979-1, Vector Researche
Incorporated, July 1979, mIT.
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MITR Corrgation

In FY 81, MITRE conducted research in the area of Army capabilities

for C2 evaluation and support of the command, control and intelligence

directorate of the U.S. Army Combined Arms Combat Development Activity

(CCD). During this effort MITRE evaluated a total of some 100 studies

regarding Army command and control. In addition, another 10 studies

were screened for potential utility of information to the Army's overall

C2 evaluation effort. MITRE has developed research regarding a methodo-

logy to evaluate Army command, control and communications, which has

been briefed within the analytical community and received favorable

reception.

In FY 80, MITRE conducted a C3 countermeasure analysis for the

Electronics and Research Development Command (RADXCDM) and the U.S. Army

Material and Readiness Command (WM). Portions of the analysis were

provided to TRADOC, and were incorporated in the U.S. Army W=RDOC C2

countermeasure concept of January 1981. MITRE is continuing its

research regarding C3 countermeasures in support of the TRADOC community

and CAC

MIME has considerable experience in the analysis of Army Weapons

Systems and Tactical Doctrine, and in Command, Control, Communications

and Intelligence (C3 ) systems engineering. Staff personnel have exper-

tise in Army and Air Force weapons system technology and engineering

that make it possible to draw together technical teams capable of com-

pleting analysis of Army O-CM capabilities. MITRE Is a Federal Corr-

tract Research Center (F=JC) specialized in C3 systems design and is

qualified to provide systems research and plarming technical support to

the U.S. Army Model aptovment Program Management Office.

4
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CRI CoMMration

MRI, Inc. was one of the first companies to provide analyses and

evaluations of high technology systems in military applications. CRI

began as Operations Research, Inc. in 1953 and was originally an inde-

pendent, privately owned company. In 1968, ORI stock was sold to

Reliance Group, Inc. (formerly Leasco Corp.).

(RI is now an employee owned company structured under the Employee

Stock Ownership Plan (ESOP) legislation as incorporated in the Employee

Retirement Income Security Act of 1974.

CRI's principal line of bus' is the performance of analyses for

complex, high technoloqv systems for the Department of Defense, the

National Aeronautic and Space Administration (SA), and the Intelli-

gence Community. Analyses include review of state-of-the-art techno-

logy, assessment of the risks associated with the technological aplica-

tions, evaluation of mission effects and the relative balance of power.

In addition, ORI provides system level support for technical

management and engineering monitoring of the acquisition process for

nany major programs under the cognizance of the Environmental Protection

Agemy, the Department of Defense, the Department of Transportation, and

the National Oceanic and Atzmpric Agency. In this regard, CR has

been supporting several clients for extended periods of time. As exam-

ples, (RI has had continuous contractual coverage with the Strategic

Systems Project Office (P1-1) for 21 years and with the Office of the

Secretary of Defense for 17 years.

CRI is able to respond to many diverse areas of expertise because

of their in-depth technical backgroud. te technical staff is orga-

nized into four functional operating groiP: defense. sysItm engi-

neeringi defense tehKology, research, and analysis; civil systemss and
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space and communications.

Each group is headed by a vice president directly responsible to

the office of the corporate president. Seventeen separate operating

divisions have been established within these groups to address problem

applications related to specific technical and subject matter areas such

as: logistics and systems readiness and systems development; ship

systems and systems engineering acquisition; information systems; trans-

portation systems; energy and environment programs; space and communica-

tions systems; and space and data systems. These offices are supported

by the Office of Computer Sciences. A close working management commit-

tee ensures that all specialized technical skills and expertise of the

entire staff are made available to support programs or to supplement

project team capabilities whenever required.
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CIAPTER V

'THEATER LEVEL MODELS

Models have proliferated beyond the systems apparent will-
ingness to catalog them in anything but partial listings of
simple tabulations and brief descriptions.

Perhaps no one knows the exact number of Army models and how
each one of them is used. If anyone does they have yet to
produce a comprehensive document reflecting such knowledge.

Present catalogs are not as descriptive as they could be and
the effort given to their production appears to be very low
priority. As a result, the mystique of models continues,
accompanied by the tyranny of unknown numbers.

General Relaan.

Catalog Listins

Selected Models from the Studies, Analy , .-, and Gaming Agency

(SAW, OJCS 1980 Catalog of War Gaming and Military Simulation Models,

are shown in Table XI. 1

uBLE XI

Theater Level Models in OJCSISWA Catalog

US A=m CM~cjMt Analygin hg=c~ ICAA)

'IRM - Treater Rates Model

us Am tkndAaCma DMipnAA kiki cCiaCiratin
Analyals Direetnrat

CACDA JIFFY War Gam
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TBLE XI (Continued)

Defense Cummictim Am=r~y. n and CnQtrol TWhnical Center

(7JICK - Quick-Reacting General War Gaming Simulation

SNAP - Strategic Nuclear Attack Planning System

Ada y for Int rscience Methodology

SIRNDI - Stragegic International Relations Nuclear Exchange Model

General Research Corpration/US Army Concepts AnalAis Age=

ATS - A tactical, logistical and air simulation

ETNM - European Theater Network Analysis Model

E9M - Division Battle Model

FASTNZ - Force Analysis of Theater Administration and Logistics
support

CE1 - Concepts Evaluation Model

ATG1 - Air and Ground Theater Model

Vector Research I- ./Defene mmitions Agency. CQ ind and Control
Technical Center

VI MOR-2 - A Theater Battle Model

Co rporation/bfeW Nucear AGO= (DN&)

OOMBAT II - A differential equations theater model with nuclear
orientation

CorpratioUS AM Air Defense RcI

DADEN-C2 - Divisional Air Defense Engagement Simulation Command

and Control

UiS AryM rie yt A alysisklty

DIVLEV - Division Level War Gam Model

DIVWS - Division Operations Model
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TABLE XI (Continued)

DIVWAG - Division War Game Model

OjCS-SAGA./Institute for Defense Analysis (IDA)-C&M and a Control
Technical Center (C=t)

IAAM II - IDA Ground Air Model II

Office of the Secretary of Defense (OSDI/IDA

IDAHEX -

TRCWAR - Tactical Warfare Model

WARRAMP-WCEM

The catalog models shown by Table XI are listed under headings for

the developer/proponent. The current catalog contains 175 one-to-two

page model descriptions. The catalog also provides a list

of models by proponent and developer. It does not include listings by

generic purpose or unit level of cobat.

The 1982 Catalog, currently being produced, does include an index

to model type and breaks out theater-level models according to their

primary orientation. It is presently being compiled and will add des-

criptions of the following models:

(1) MTM - McClintic Theater Model (Developer/Proponent: US

Army War College)

(2) JANUS - Division and Battalion level (Lawrence Linermore

National Laboratory (LLNL)/US Army TRADOC Systems Analysis Activity

(WRASANA))

(3) INWARS - Integrated Nuclear and Conventional Theater War-

fare simulation JBDH CorporationDeputy Under Secretary of the Army for
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Operations Research (DUSA(C1)) ]

(4) IDWAN IIA - IDA Ground Air Model, version IIA (OJCS/IGA

and DCA/CCTC developers/JCS/SAGA proponent)

(5) I0 - Integrated Corp Model (BDM/DNA)

(6) 00BDIVEM - Corps/bivisimn Evaluation Model (Developer/

Proponent: Combined Arms Studies and Analysis Activity (CASAA), Ft.

Leavenworth)

Selected models from a 1980 publication of the Army Concepts Analy-

sis Agency tabulation of 180 models are shown in Table XII. 2

7IBL XiI

CA Catalog Models

Acronym Name Origin & Date Remarks

TRM Theater Rates USMIDC, 1967 A lI resolution
Model simulation for

loss and measures
of expenditure.

*AZLAS A Tactical, RAC for CDCCEOS, Toarer-level

Logistical and 1969-70 simulation
Air Simulation

*ADR Assesamnt of CM, 1974 Standby model-
.(listed in 79 Theater Warfare uses CC7RCA for
catalog droqaed air portion
in 1980),
*C= V Concepts Evalu- GRC N for Theater-level

ation Model ACSe), 1971 simulation ,

Corps level Braddock, Dum War Gem includs
Electronic & gcnmald, 1977 Sisplation of CI.
Warfare Mowdel Used to analyze

intelligence and

Division level G from PAC Dates back to RMC
Model
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TABLE XII (Continued)

Acronym Name Origin & Date Remarks

COMBAT II Coipbat Braddock, Dunn Theater-level
(in 1979 Catalog & McDonald, 1974. simulation
dropped in 1980)

DIVLW Division Level AMSAA, 1974 War Gme
Game

DIVW Division Level USACDC DIVTPG War Game
War Game Model, 1967 at CACDA

FASTALS Force Analysis RAC for CDCSOPS, Linkage with
Simulation of 1969-70 ATLAS, CEM and
Theater Admini- FO*EWN, a force
strative and and weapons
Logistical Support analysis model.

FCURCE C4 E TASANA, 78 Division Level
(Four C)

IIGAM-II Institute for ID/WSG, 1977 Theater-level
Defense Analysis simulation
Ground/Air Model

IN ARS Integrated Nuc- Braddock, Dunn Under developient
lear & Conven- & McDonald, by BVM
tional Theater 77-79
Warfare Simulation

JIFFY Jiffy ICAS, 1971 Manual War Game at

LULEJIAN-V Lulejian- Vought Aircraft Theater level
Vought for Aeorspace simulation

Defense Catmand,
1976

VGAETS II Force Evaluation A gross modil
calibrated to

results of ALAS

ITOIAR Tactical Warfare IDA for 0='K Theater'level
Model (formerly 1975-77 simulation
M T OWc)

*SOMM IV Tartawm IV CA (OW) Theater level
1965 War Gme

63
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TABLE XII (Continued)

Acronym Name Origin & Date Renarks

T-(X 'Theater Cmat Buddock, Dunn Theater level
(listed in 79 operations & McDonald simulation
dropped in 1980) Model (BUI) 1976-78

TFHCS-M - Theater Force Vector Research, Modified
Evaluation by Inc. (CAA CE14
Cwbat Siulation contract)
Concepts Evalu-
ation Model

VEMMU-2 Vector-2 Vector Research, Deterministic
Inc., 1978 from theater ccu*,at
Vector-I, 1973 model

*WLV Wartime Replace- CAM, 73-75 Attrition Linkage
ment Factor System Model

*wA~mw Wartime Require- CAR, 78 Linkage Model
ments for hnum-
nition, Materiel
and Personnel

A CCTV catalog, pinblished In 1977 also describes several of the

models listed in CAA and oWCS/Mh caktalogs. 3 It was compiled by the

Executive Support Office with Technioal assistance from W~D (NMCS Air'

Directorate) and, replaced a 1975 catalog of NMCUC Models. All models

described arle avai lable on W~D Compiters.

As of 19M, the Concepts Evaluation Model (CDI) was configured as

Ca V.4 However, in the 19W0 Office of the Joint Chiefs of Staff/Stu-

dies# Analysis aid Gaming Agency (03W/MA) Catalog it was listed

simply as (ZN. It is described as being developed by General Research

Corporation PQ) for use by the 0.8 Army Concepts Analydis Agency

(OLIN) to portray theater level, non-nuclear war in terms of battle

limse, enemy forces ad use of resources. Its primary purpose is for
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force structure evaluation. Its estimated frequency of use at that time

was 25 times per year with two months being required for data acquisi-

tion, 18 man-mcnths for input to the model and two months for output

analysis.

Development of CEM started in 1968 at Research Analysis Corporation

(RAC). After some name changes it became CEM IV in 1974. It has been

used by CAA to support Conceptual Design for the Army in the Field

(C(IF) studies, Total Army Analysis (TAA) annual studies, support force

structure requirements studies, OMNIBUS annual force assessments and

materiel requirement studies.6 Further model enhancements required for

defense concepts resulted in CEM V being developed and used since 1979.

The most recent description of CEM V is also accompanied by a

description of CEM/TFECS (Concepts Evaluation Model/Theater Forces

Evaluation by Combat Simulation).7 While time requirements for data

base acquisition and structure have not changed significantly since

1980, the frequency of use has changed. CEM V is now being used over 30

times per year. The TFCS methodology is in the developmental stage and

represents a modification of CEM for examining the effects of communica-

tions, intelligence and electronic warfare impacts on command decision

processes. A typical application requires 25,000 inputs and about six

technical man-months.

Force Rvaluatnw Mtel

Closely associated with CEM is FCrCEM, a model to be developed by

CAA as part of the AMIP. Although CEM V has proven to be a useful model

it has fallen short of meeting sme analytical demands. 8 Capability

improveaents are needed in rear area processes and simulation of human

decisiomaking behavior.
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FOREM is planned to be a discrete evolutionary improvement over

CE14 V by replacement of various CEl modules. It is expected to be more

sensitive to combat support functions and to use data from lower level

high resolution models. The end result will be a significantly improved

capability to provide force planning study analyses.

Linkage will be made between FRICEM and aOIVEM (being developed by

CASAA). OOIVEM is presently designed to study Corps and Division

issues in three different versions: an interactive war game, a simula-

tion and a training game. The basic difference between the interactive

and the simulation version is the degree of simulated C2 functions. It

is currently operational in the interactive version with impressive

color graphics.9

Vector Reaurch Corpnratian Mlm

The latest VRI combat model is VBC7R--3. Its lineage can be traced

to the late sixties with the development of the B(ON2R/IUA Model. About

a dozen spin-off models resulted from this such as ASWAG, FISTM, AIMAV

and 'IRAC . In late 1973, VEBC1UR4 was born to analyze issues from

the battalion level on up. An decisiomakers expressed their opinions

and intuition about combat processes, VWCTOR-1 was developed by the end

of 1974. Spin-offs from that effort included DIVOPS and Il.

The concept of VBMUR model developient is to put in only items

which can be measured and to allow for discrete improvement stop based

on new idei In this regard, V3C1M-2 represented a major improvema*

on V3ICR-l. It included more aspects of C31 and esxplicit rear arm

Proces for better rrentation of the battlefield. Timing inter-

vale were also improved thros* the wse of eight different clocks for

time/evet orientation. Te basic VR ooncept of model daveloipent is
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shown by Figure 7. Note that it is iterative in nature with cycling and

feedback orrurring between concept and requirement from study to study.

(rOrEPT 0 ST=D P DAIR

S7DY/ANALYSIS

FIGURE 7. VRI Model Development Concept

Source: Interview with Dr. Seth Bonder, President, VRI at
Spring 1982 CUSVTIMS Conference.

Models are developed through their use in study and analysis. Thus

VBCXR-2 led to the present development phase of VBC'iR-3 which is now

being massaged to meet future analytical demands.

A recent use of VECTCR-2 was for the SHAPE ARFVPANTI-ARMOR STUDY

conducted in 1981.10 The model was selected because of its ability to

produce timely results using several variations of eight Corps. It was

considered to be at the "state-of-the-art" in its form at the time of

this study which was its first major use for simulation of airland

comlbat.

As happens with most studies, the model was modified, enhanced and

tailored to specific requirements. The scope of its application for the

study was reduced from theater to corps level. Further refinement and

calibration produced a flexible model. Study results were favorably

received by both the analytical staff at the SHAPE Technical Center
In

(SI= and the field units involved.%

A detailed review and critique of VECTOR-2 is contained in a 1977
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report by Alan Karr.1 2 Karr judged VEC'OR-2 to be unquestionably

superior to CEM, IDMW-I and Lulejian-I models.1 3 Karr has also pub-

lished reviews of each of these models in separate reports which are

listed in the bibliography to this study. He gives good marks to

VJC'TM-2 because of level of detail, explicit coordinate geography,

attrition methodology and representation of time, space and movement.

Descriptions of IDAM A, ATAS, IIfARS, IM and M are provided

in Tables XIII, XIV, XV, and XVL These tables were compiled using

extracts from the forthcoming OJC/(SA catalog.

I'
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TABLE XIII

IDAGAM IIA - IDA Ground Air Model, version IA

P E: Organization of the Joint Chiefs of Staff, Studies,
Analysis, and Gaming Agency (QJCS/SA)

DZE1=Q : Jointly by COCS/SPGA and the Command and Control lchnical
Center (DCA/CCTC). Initial version of the model was developed by the
Institute for Defense Analyses (IA).

PUROE IGAM IIA is an interactive model designed for computer-
assisted manual force capability assessments of ground and air conven-
tional combat.

_I: IDAG4AM IIA is a deterministic, interactive model
of ground and air conventional combat between two opposing sides. The
model is parameterized to allow building/sizing the model for a specific
study (and its objectives) and for a specific region (and its level of
detail).

The geographical structure of the model consists of a series of nonin-
tersecting sectors, each sector consisting of intervals, each of which
have a type terrain and combat posture assigned to them by the user. A
region consists of one or more sectors, and is split into two depths
behind the sectors. A communications zone for each side is located to
the rear of the regions.

ILANIIA has a fixed time step of one day. At the end of each day the
user provides decisions and directions for the next day. These direc-
tions may include adjustments to the model geographical structure (dis-
tances, terrain, combat posture for any sector), engage/disengage for-
ces, aircraft mission/sortie allocation and loadings, force movement,
movement of supplies, etc.

The key coMaile-time parameters currently in IDA14 IIA are:

o Up to 75 sectors and 15 regions can be defined, subject ot
computer muiory constraints.

o Within each sector, up to 50 intervals may be specified.
o Each interval is decribed by one of three types of terrain

(slow, medium, or fast movement) and one of five combat postures
(meeting engagement, prepared defense, breakthrough, constricted
terrain, and urban warfare) for Blue/Red on attack matched with
o 44 n def ecni

o Up to 20 god combat units can be played per side. Each unit
has three types of personnel (combat, combat support and combat
service support) and 12 types of weapon systems, including MA
and SM . Quantities are recorded each day.

o Up to 22 aircraft types per side can be played. Airbases played
are notional, with each side having a forward and rear airbase
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MM XIII (Continued)

in each region and one in the COMM. Eleven types of air mis-
sions are defined in the model.

o Up to 26 types of supplies can be tracked by the model. The
movemen through the theater and consumption of these supplies
are recorded. these supplies include up to 13 ground munitions
and 13 air munitions. A switchable option in the model allows
supply shortfalls to affect battle results.

IAN IIA does not use firepower scores - an antipotential potential
method is used to calculate the value of opposing weapon systems.
Attrition by weapon type is calculated using the opposing weapons densi-
ties, capabilities, and allocation of fire.

IM: The model needs some 60 input variables and arrays. All input
data are uniquely identified for input into a base case set of data
files. Preprocessor programs operating in time-share mode are used for
data entry and for format and variable verification.

OUT All output is in the form of computer printouts of user selec-
ted summaries or data records formated as input to postprocessor pro-
grams.

o Detailed Report (Used for debugging)
o Daily Selected Summary Tables
o Selected Summary Report
o Time = t record of irput decision implementation and of model

operation.
o lostprocessor programs operating in batch mode are used for

specialized reports and data reduction.

o ]MWIAI IIA may not be operated as a computer simulation model.
o Logisic aspects of the model are very aggregated.
o odel is expected value vice Monte Carlo.
o Conventional warfare only

o Computer: HIS 600
o Minimum. Storage Required: Depends on array limits desired -

162K words required in nominal case

sCR2: Programing Languages FCF42M V

~am~hzrzc: UNCLMI~FIE

v~m r w M , e-5 times per year

Organization of the Joint Chiefs of Staff! Studies, Analysis, and

7- .
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TABLE XIV

ATLAS - A Tactical, Logistical and Air Simulation

f: US Army Concepts Analysis Agency

D: General Research Corporation

PURPOSE: ATLAS is a computerized, analytical model designed to assist
the planner/analyst by simulating conventional theater-level combat
operations over an extended period, and to examine the overall trends,
effects, and interactions of ground, air and logistic forces in conven-
tional theater-level warfare. It is basically a planner's war game,
providing the tool for examining theater-level force interactions so
that the planner/analyst may examine and evaluate theater contingency
planning, force effectiveness and force requirements. The daily move-
ment of a FIBA is developed as a function of firepower, terrain, pos-
ture, residual personnel strengths, and logistic support. The model is
also concerned with the scheduling of reinforcements and logistic capa-
bility of lines of communication.

: ATLAS is a two-sided, deterministic model invol-
ving land and air forces. It was primarily designed to consider divi-
sion level ground forces and aircraft by mission. The model may be
manipulated, however, to consider units down to brigade or battalion
level, if the gamer can accept division casualty and movement "rates."
The model was designed to consider combat operations by 'sector." Each
"sector" was designed to represent a corps level force. Lip to ten
sectors (corps) can be simulated in a representation of theater level
combat. Time is treated on a time step basis (24-hour increments). The
primary solution technique is average expected value results evaluated
deterministically.

IN r:

o In general, inputs fall into four major categories:
(1) Envirormental inputs which structure the theater;
(2) Ground force inputs of committed and scheduled forces and

their associated characteristics;
(3) Logistic inputs which establish supply requirements and

constraints;
(4) Air inputs which provide performance, vulnerability, and

other characteristic data on aircraft, airbases, and SAM
sites.

C=H: Model output is in computer printout form similar to the
input data format. Output is tabulated on a daily basis and reflects
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TABU XIV (Continued)

the current status of forces at a given time. Selective detailed and
summary output is available. Output may be requested for specific days
and for specific subodels (ground, air or logistics) or for a compre-
hensive theater summary. Retrievals of selected data items are also
available using the ATLAS data conversion and retrieval programs.

In ATLAS, the battle assessments are primarily
dependent on the ratios of the oposing forces computed fom firepower
scores (FPS). The Index of Combat Effectiveness (ICE) values are modi-
fied by casualties or lack of supplies to form a net ICE. At the
present state of gaming, weapon firepower effects are assumed to
linearly additive with no enhancement (or degradation) for training,
morale, combined arms, and command and control.

o Computer: UNIVAC 1100 series
o Operating System: UNIVAC 1190 Operating System
o Minimum Storage Required: 53K words
o Peripheral Bquil~ent: Mass storage devices

o Programing Language: ASCII FAN
o Documentation (DTIC Numbers):
o - *Computerized Quickgame" RAC-TP-266 (AD 387 510), RMAS:

A Tactical, Logistical and Air Simlation: RAC-TP 338
(AD 858 355)

- SHAPE 'T 242
- 3O CK *K 91-69
- Modifications to AMAS (ATLW-), CM-TP-74-3, July 1974

o 2-4 months to acquire base data, depending on Service responses
o 1 man-month to structure data in model input format
o 20 minutes computer time for 189 day game on UWIVAC 11 /82

', SEMIRI Y CY-ASSIITION LASIFIM)

FR=921MMFU: Support for 3 or 4 studies per year

fl: US Argy Concepts Analysis Agency and CX)SKCE

pow oF =-GU =r: UNIVAC version - Ms. P. M. Fleming
US Army Concepts Analysis Agency

(CBCK-HO)
8129 Wood ont Avenue, Bethesda,
MD 20814

Ttlewphoe: (292) 295-0529
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TABLE XV

INWARS - Integrated Nuclear and Conventional Theater Warfare Simulation

PFPCNET: Deputy Under Secretary of the Army for Operations Research

D Q : The BDM Corporation

PURPOS: INWARS is a computerized fully automated simulation for
analysis of a general war situation. It was developed to allow
examination of doctrine and issues in decisionmaking in a theater
nuclear, chemical, and conventional context. Of particular interest are
the reactions of C2 elements to perceived enemy preparations, defensive
measures, and other actions influencing nuclear warfare decisions.
Emphasis is on decisionmaking processes of ground C21 elements at
echelons above division.

LiIN: INWARS is a two-sided deterministic unit-centered
model of the land theater battle. It represents units down to brigade
and regimental level with spatial resolution of 9.5 km. Combat and CSS
units, airfields, air missions, and special weapons packages are funda-
mental entitles. Direct and indirect fire combat, air warfare, air
defense, and the use of nuclear and chemical weapons are represented.
Repair, supply, and intelligence collection are also included.

The emphasis in the model is on decisionmaking with each head-
quarters at corps level and above represented by an entity which makes
decisions and plans. This is accomplished using a knowledge based
techhnique known as "frames,* which provide a context for maintaining an
"Understanding of the Situation (UCO)." These headquarters units make
plans for ground operations, (eg., envelopments), develop targeting
plans, monitor the performance of subordinates, and react to
contingencies.

The simulator consists of the two primary modules, one for the
combat interations, which is a time stepped unit capable of running
stand alone with initial unit orders, and the C3I module which is event
stepped. Interfaces between the two are implemented as messages.
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TABLE XV (Continued)

o Order of Battle
o eapon/Asset description parameters, including weapon effects
o Terrain data
o Operation decision tables (division, brigade, air, etc.)
o SOPs
o Operation descriptors, defining various operation typse
o Operation concepts (for corps and above)
o Decision criteria
o Information collection parameters
o Understanding of the situation-fundamental knowledge

OUTPM: Summary of situation at predetermined times, including unit
locations, state information. Summary of individual understanding of
the situation.

-LMrf"IONS: Currently designed to handle a situation of
approximately:

o 10 km x 109 k area
o 50 Corps and above headquarters
o 2000 units, with about 6 sets each

The above limits can be expanded with major modification.

o UNIVAC 1108 20K words
o CCNLL DATA CYBEB 176 20M6 (octal) words, SCN, 40K (decimal)

words ECS

o Programming Language: FRAP with MIAL data structure
preprocessor

" Documentation: Integrated Nuclear and Conventional Theater
Warfare Simulation (INWARS) Documentation, (3 parts, 12
volumes). The BM Corporation, Feb 8, 1980

o Size: Combat Interactions Aoule 10K lines source
C31 module 39K lines source
Data inputs, typical 3K lines

o To acquire data base: 7 man-months
o 7b structure data in model input
format: 3 man-months

o Tb analyze output: 2 man-uo hs
o Analyst learning time: 6 moths
o CU tins per replication: 8-1 sixulated/real time
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TABLE XV (Continued)

FREOUJC OF USE: Not yet used in study.

USERS: US Army Concepts Analysis Agency
The BDM Corporation

POINT OF CONTACT: Mr. Louis W. Schlipper
Dircetor, C3I Systems Analysis
The BVM Corporation
7915 Jones Branch Drive
McLean, VA 22102
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TABLE XVI

IRM- Theater Rates Model

pMM2=: US Army Concepts Analysis Agency

: US Army Concepts Analysis Agency

R : The Theater Rates Model is a computerized model used for
analysis. It simulates theater level combat over a predetermined span
of time.

nh: he Theater Rates Model is a two-sided determinis-
tic model. It simulates theater level conflict on a day-by-day basis in
order to determine ammunition expenditures of all Army weapons engaged
in conflict. Its primary solution technique is that of a computer
simulation algorithm.

o Personnel casualties and armor losses from all fors of combat
o Red and Blue force deployment schedule
o Scenario of combat activity

o Comuter printout of dat-by-d ammition expenditures
o Status of both Red and Blue forces in the theater

o ombat activity is dictated by a scenario

o Blue and Red deployed units are aggregated

o Comuter: ULiVAC 119 series
o Operating System: UNIVAC 11K operating system
o Minimt= Storage Required: 40K Words
o Periperal Bquiments Data entry device and printer
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TABLE XVI (Continued)

o Programming Language: FlWM
o Documentation: Theater Rates Model, December 1974, USACAA.
c Preceding publication represents complete yser;s abd technical

documentation

TIM BEMTREFMT:

o Approximately two months to acquire basic data
o TWo weeks to structure data in model input format
o Five minutes CPU time per model execution on a UNIVAC 1100/82

o Programming Languages: UNIVAC FRTRAN V, and Assembly Language
o Documentation: "TARTAWS IV N/CO(X Players and technical

Manual." (AD 829 5251)
o Technical documentation is complete; user's documentation is

not. The model has been modified since the above documentation
is not. The model has been modified since the above
documentation was published and corrections have not been pub-
lished.

o Four months to acquire base data
o TWo man-months to structure data in model input format
o Average of 1/2 hour CPU time per model cycle on a UNIVAC 1108

(Four hours real time)
* o One week learning time for users
o IWo months to analyze and evaluate results of one study

S'9=RIT a"TSIIMIO: UNCLASSIFIED

FRECIM CF ULM: Five studies

Us=s: US Amy Concepts Analysis Agency

PO FIN Q =T: Ms. P. M. Fleming
US Army Concepts Analysis Agency (CSCA-MM)
8120 Woodaont Avenue
Bethesda, ND 20814
Telephone: (202) 295-0529

nL i Analytical Model; Limited War; Land Forces;
Computerized; T6o-Sided; Deterministic; Time-Step
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TABL XVII

MN- MClintic Theater Model

R: US Any War College

DPMLM: US Army War College

Z=Z: The McClintic Theater Model was designed to fulfill two pur-
poses at the US Army War College. It is used as part of the Army War
College Cirriculum as an ed cational tool for senior officers, and it is
used by general officers and their senior staff as an analytical tool to
examine corps strategy, tactics, and sustainability as part of the US
Army Tactical Command leadiness Program. The model is used to compare
alternate military concepts, strategies, and forces in order to gain
insight into potential problem areas and to uncover opportunities for
success. It serves as a dynamic discussion vehicle for examining time
and space relationships on the battlefield, to include joint operations.
Utilization of the model allows the players to become fimiliar with
real-world aspects of the terrain and units in the order of battle.

The McClintic Theater Model is a closed, two-
sided, four-service, interactive computer model that allows simultaneous
input of orders from both sides. It is built on a yhilos*ft which
recognized that those who participate in the war game learn the most
from it. Consequenty, the model has been written so that the players
do not need a knowledge of computer progrmming. Player inputs (orders)
are entered in a natural, Inlish-like maner in which spacing, order,
and extraneous words do not matter. Ohe model is time driven at rates
varying from zero up to 72 to 1, dependent upon the players' ability to
keep up. It is a four-service model that not only looks at each service
separately, but also looks at the interactions between services, suich as
airlifts, sealifts, naval gunfire, suppression of enemy air defenses,
close air suport, and interdiction. Factors considered include
weather, intelligence, local population, ten classes of supplies, unit-
carrying capacities, and others.

o Pregame
- Terrain and road network data
- Orders of battle (25 data itm on each unit)

o During gm
-Orders to units (free form, Diglish-like)
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o During Game
- Estimated times of arrival
- Logistics warnings
- Logistical reports
- Situation reports
- Intercepted enemy radio traffic

FRECJ--(Y OF El: Monthly at USAW

USERS: JCS/SWA, Pentagon
Readiness Cumand, MacDill AFB, FL
VII Corps, Stuttgart, FRG
Army War College, Carlisle Barracks, PA

POINT OF CQffQ: Ccumazidant
US Army War College
AT'N AWCAG (Mr. Fred McClintic)
Carlisle Barracks, PA 17013
Telephone: AlJTON - 242-3017

cmnmrcial - (717) 245-3017
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CHAPTER VI

THE McCLINTIC THEATER MODEL

el PurNose. Use and Benefits

The McClintic Theater Model (MTM) was designed and built by Mr.

Fred MClintic, Director of Systems Support, at the U.S. Army War

College. General Meyer, CSA, is the originating authority. Its purpose

is threefold, (1) Training and Education, (2) Force Structure Evaluation

and, (3) Evaluation of Operational Plans. It has received wide atten-

tion and has been adopted by the following users:

(1) Joint Chiefs of Staff

(2) Chief of Staff of the Army

(3) U.S. Army War College

(4) National Defense University

(5) Armed Forces Staff College

(6) Camnd and General Staff College

(7) U.S. Military Acadwg

(8) teadiness Cmmand

(9) U.S. Forces Korea

(1). V and VII Corps

(1) Naval Post-graduate School

The NM was first used in 1980 and has been used at an increasing

rate since that time. Over 10 briefings have been given on the use of
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RIM to audiences including most of the Armys Division Commanders. MM

has helped realign sae missions through its use in a CSA Contingency

Planning Exercise and has aided operational dialogue between Commander

through such exercises as VII Corps Cold Beason.

W uses a flexible, topdown structured approach and can be

readily adapted on any computer with a FCa'W compiler. No modifica-

tions are required for its use on any of the 35 WWMCXS computers.

A written scenario is needed for model use. It is characterized by

a moderate level of detail and includes the following items:

1. Order of Battle
25 data item per unit

2. Terrain, Moads, Bridges, Kinefield
a. Trafficability within hexagons
b. Trafficability between hxagons

3. Times, Probabilities and Weather
a. Sunrise, mmset
b. Probabilities of detection
c. Probabilities of kill
d. Four qifferent weather conditions

M operates with a player/controller variable speed rather than

event oriented timing. A typical game will see the players using real

time in the beginning and then going to a 12:1 ratio as their familiar-

ity and ability increases. The level of resolution for model time is in

seconds. The level of spatial resolution can vary dependent upon the

selected map scale. In terms of resolution of detail for, units it

reports aggregated results down to mall, structured combat unitL

Details of engagemeint are reported ,every two hours.

bndom events are allowed for air-to-air and grourd to-air. he

gr -g r nd s aea processes are deterministic.
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Plannin Factors and Docentation

There are about 20 input parameters that must be specified in

order to use MTII. An average exercise will produce 200 pages of output.

All data can be modified during the game. Initial input can be done in

one day.

MT is described in four volumes:

Volume I : War Game Directors Manual

Volume II : War Game Users Manual

Volume III: War Game Controllers Manual

Volume IV : War Game Prograemmrs Manual

Volume IV will contain overall documentation which will enhance

model transferability between different geographical locations. Volume

I provides an overview of model design, philosophy, capabilities, and

limitations. It explains program structure, modules and input require-

ments. Figure 8, shows the various functional systems. Each item

shown is a separate program module which may be changed as the model

matures.

Figure 8, also explains the top-down model structure which allows

for sepa. ation of model design into a series of subroutines, which

together make up the total simulation.

Volume II contains a set of user instructions with simple examples

for each type of irput. Volume III gives control statements for

entering and changing basic data.
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The MTM is a closed, two-sided, interactive computer model. It

allows simultaneous input of orders from both sides. A knowledge of

computer programming is not required in order to play a war game with

the MTM. Input orders are entered without regard to spacing or order of

words. Extraneous words are also allowed. The model is time driven at

rates varying from 0 up to 72:1. Normal ranges are from 5:1 to 24:1.

It is a four service model that can address such features as: airlifts,

sealifts, naval gunfire, suppression of enemy air defenses, close air

support, and interdiction. Factors considered include weather, time of

day, trafficability of terrain and road networks, electronic warfare,

intelligence, local population, ten classes of supplies and unit

carrying capabilities.

Pregame inputs consist of terrain and road network data and order

of battle (25 data items on each unit). Of particular significance is

the brief one day period to input data for a change in scenario.

During the game, outputs are provided for estimated times of arri-

val, logistics warnings, logistical reports, situation reports, inter-

cepted enemy radio traffic, indirect fire damage reports, airstrike

damage reports, nuclear/chemical weapons usage, intelligence reports

(five types) az , combat/battle reports.

After action analysis can be provided in the form of graphical

outputs such as graphs, bar charts, map., or a printout of specified

variables.

The model allows for up to 3N units. Maximum map dimensions for a

hexagon overlay are 6 ft. by 8 ft. Both units and dimensions can be

expanded if additional computer memory is available.

Hardware consIsts of a Hloeywell 6660 (belonging to the World Wide

Military CommarM and Control System (WWMOCS)) or Altos 806 series
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i

microcomputer (FO7RAN and PASAL versions respectively). The minimum

storage requirement is 69K for the Honeywell and 208K for the Altos.

The UWB~etI~ am &d

A *Pascal" version of MTM was first used by the USAWC Class of 82.

Pascal is a computer program language especially suited to interactive

terminals. The model was devised by Captain Aaron Coleman, Chief,

Computer Simulations and Modeling Branch, with Brannon and Moss. Its

purpose is specific to training in the operational art of warfare. The

process of play and player interaction is considered more important than

game results. Eighteen separate games were conducted with the entire

clas broken down into red and blue teams.

Model resolution is similar to the parent NM. ALWO S series

computers are used for conducting exercises. At this time there is a

player and operations guide but no documentation for equipment set-up,

proram maintenance or enhancement.

During the summer 1981, two USMA faculty serving with OOCS/SAGA

conducted an evaluation of MTM 1, 2 They concluded that MW has excel-

lent potential for providing rapid, timely analysis to crisis-oriented

planning and study issues of the Office of the Joint Chiefs of Staff

(coCS).

The potential of wM for plaming and study methodology is to be

explored in connection with a finer grained model as shown by figure 9,

M can serve as a rapid response tool for analysis and may be readily

altered to conform to study requirmant. Major elements requiring

further ref inmmmt include logistics, cl air support, communications
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and engagement attrition. As the model is adjusted and tuned to vali-

dated data it can be used in a stand alone capacity (for time critical.

studies) or used as part of more time consuming analysis with a more

detailed model. lb the extent that results are compatible, each model

would tend to support the other.

In the overall evaluation, Dees noted that MM has been undergoing

a continuing process of refinement since its first use' in 1980. He

also recommended several modifications to enhance model capability and

realism. His detailed evaluation covers data input, terrain representa-

tion, units, timing, movement, attrition methods, artillery, engage-

ments, air, logistics and computer graphics capabilities. His report is

generally favorable and he notes model strengths as well as weaknesses.

For example, he points out that WIY data preparation and input time

requirements are measured in days whereas models such as AS or (IX

require weeks or months.

4
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(1) For ground forces (blue), the Brigade would be the basic

MTM unit manipulated by the player. The assessments (and SITPEPS) would

be accomplished by sub-element consideration. Suggest one "board"

player and one "'T" player to handle each division.

(2) For ground forces (red), the MID would be the basic MTM

unit. Other red units are similar to blue units.

(3) Each unit carries a mission designation with attrition

coefficient (and movement) input for each mission.

(4) Ammo types (and system types) must be distinguished for

ARTY, ADA, and air units.

(5) Explore possible sources of assessmnt methods.

Figure 19 shows a proposed organization for a Southwest Asia

scenario.
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Sqtudent Reactions

The US Army War College Class of 1982 was the first to use the

student war game (Pascal version of MTM) during the spring of 1982.

Each of 16 seminar groups were divided into Red and Blue sides to play

concurrent, independent war games. The first set of war games used a

MR) scenario. After these were finished, related instruction was

presented prior to playing another set of war games using a SWASIA

scenario.

Oral and written surveys were conducted throughout the war game

instructional period. Student reaction was generally favorable. The

war game controllers were volunteers who generally desired to learn more

about war gaming.

The major complaint was the lack of logistic play, control features

and the massive output of tactical game results. Players and Control-

lers generally learned more about NM and SWASIA threats and some

features of the operational art. Several individuals stressed the need

for more instruction and the time to play more than one complete game

per scenario. Others expressed an interest in setting up a competition

between seminar groups rather than within them.

Almost all individuals surveyed thought that MT had potentially

outstanding training value but that more instruction and plaming time

would be helpful, epecially regarding the use of operational art.
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CiAPTER VI

1. f. John R. Edwards, USVIA memo to Scientifict and Ten-ical
Advisor, OJC/SMA, 28 Septmber 1981.

2. f, Robert F. Dee., &a t Mi AnMalyis at tha NeClint ic
, 28 September 1981 p. A-l-I-2.

3. Robert F. Due.
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CHAPTER VII

THE OIAILEDGE OF THE FUF1UE

To deny reality is to affirm it, and to assert abstraction is
to deny it . . .

Anr and morut

Throughout history, sovereign states have employed military power

as one means of coercion. The mechanism through which the military

power of one state may affect the behavior of other states are three-

fold. The first mechanism of power is witnessed during the actual

fighting experienced in armed conflict. 7he second mechanism is the

1 of military action and the third is through the by a

state that another may proceed to use its military forces in the event

of a serious conflict.1

Consideration of mechanisms two and three play the most critical

role in evaluating costs and effectiveness of an armed conflict using

the techniques of Operaitions Research in the design and implementation

of war games. The list of factors which specify the conditions under

which a state is willing to resort to a military threat will range from

extremely high to zero. Actualized military power is thus dependent on

a balance of weighing the costs of making threats and the values at

stake.

Operatitons esearch, during peacetime, has been directed toward
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cost-effectiveness problems in a relatively stable environment under

which costs can be delineated to a greater degree of predictability. In

industry, cost-effectiveness problems are often separable; whereas,

military cost-effectiveness studies, during wartime, must be expressed

in terms of intangible variables ranging from human life factors to

national objectives.
2

Predicting future probability of a military threat can only be

approximate. Since 1964, we have been warned about the perils involved

in using the wrong or different criteria in cost studies. This warning

came from Senator Pastore of Rho4de Island who said,

Our potential enemies may not use the same cost-effectiveness
criteria and thus o~yoe us with the best weapons their
technlogy can provide. This wuld create an intolerable
peril to the national security.A

The methods involved in Systems Analysis are basically intellec-

tual. Their pups is to increase knowledge by replicable means. They

lend themselves to decision-making when evaluating choices between

specified alternatives.

The tools of Operations ResearclVtytems Analysis are of no avail

if a decision--maker is induced by circumstances Jbeyond his control, to

act irratioally, or at a low level of rationality. It is in this

regard that Senator Pastore's statement gains its realistic impact in

today's military enviromnt. Th choices made in response to decision-

making are still subject to the skill of leadershiP. 7te p opuawitY to

accept military risks and to apcoach crisis situations ratiomally are

infortant since goverment and military leaders differ in this respect.4

am* leaders have a stronger ploisuity to act rationally than others,



and some are more inclined than others to run risks.

Because of the nature of man and modern thought, Operations

Research and Systems Analysis has incorporated more useful techniques

for evaluating unknown risks and alternatives. Tchniques, such as

simulation, modeling and war gaming have proved themselves to be

invaluable aids to the art of managerial decision-making.

Futurists seem to agree that the world will change very rapidly

during the next 20 years. Although the rate of change cannot be extra-

polated to the future with any degree of certainty, logical predictions

indicate that rapid changes will continue for the next few decades.

One of the most important predictions about the future is the

continued growth and expansion of computers at all levels of use. CoM-

puter models are currently used extensively in the Operations Research

and modeling communities. With the growing rise in technology, the

hardware costs for using computer simulations in modeling and gaming are

decreasing and will continue to decrease. Nevertheless, the challenge

of the future lies in the formulating of perfect or more realistic

models. 5 The usefulness of models is reduced unless it is determined

how well they represent a selected portion of reality.

The type of model employed implies a particular paradigm of problem

solving. Predict-na the future and SrOmriM for it are its two basic

functions.

It becomes necessary to understand the conditions which allow

perfect prediction.

Perfect prediction is possible under two conditions:

(1) When nothing changes; or,
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(2) When the behavior that is being predicted occurs in

accordance with continuity of rational thinking and

follows the structure of study.

Thus, perfect prediction is either not possible or is only possible

if restrictions are imposed on the thought of the players involved.

Doing so, denies the problem of all aspects of reality. ' This logic

converts the Operations Research modeling problem into one of simulation

and gaming based upon a probability that the expected outcome will

occur.

This indeterministic aspect of Operations Research reduces its

reliability for predicting the future. However, with expanded computer

technology, the ability to feed in thousands of variables and con-

straints, enables the operations researcher to approach, more closely,

the probable outcome in reality.

Given the large personnel turnover in the military, it is extremely

difficult to maintain coordination, comprehension and control over large

models and simulations. May models have not been conceptually be

and have not reached their fullest potential.

Martin Shubik presents a critical look at military war gaming in

his book.6-

Military gaming is exteive. it appears to be here to stay.
Yet, in spite of the growth in activity there does not apear
to have been a commensurate expaiwion in an organizedbody of
knowledge. Kau war gaming problems are intimately linked to
game thoiry, to hum factors analysts, and to the social
psycholog of risk bevior ... Yet the war gaming opera-
tional and teachng activities awaar to scarcely contribute
to or learn from activities other then a certain amount of
humn factors experimentatio .

specific chnges in the use of Operaticn Rhsearch techniques need to be
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made for the future. Among these changes include objective measures,

predictability and delineation of purpose.

Notwithstanding their tremendous utility in evaluating competing

strategies, tactics, and military hardware, war gamnes are not easy to

use. With current pressures to improve the quality and comprehensive-

ness, of war gamnes, the process of translating the desired actions into a

meaningful form is growing more difficult.

Two different scenarios, one in Europe and one in the Middle East,

are presently in the Army- War College core curriculum. Others are used

in the advanced courses (electives). Two and one-half days are allotted

for the play of each game. Only one day is required to train the

students in the mechanics of playing each war game. This is amazingly

fast considering that most of the students have limited experience with

the comuter. But, it is not f ast enough. The purpose of war gaming in

the curriculum is to enhance the students' professional development by

providing them with an opportunity to test the military strategy, plan-

ning, and operating concepts that they have learned.

Thus, more time needs to be devoted to using war games, and less

time to learning how to use them. This problem is not peculiar to

academic institutions. In analytical agencies where t-'e war games tend

to be larger and more complicated to use, military and civilian analysts

are often assigned to a new model, a new job, or a new agency shortly

after they become conversant with their current war game.

The primary advantage of comupter-assisted war games over field

experiments and large-scale war games in the field is that they are

faster, less expensive and easier to manipulate. Some war games

already require several months to simulate a few days of division-level

j combat. If current trends continue, war games will become even slower
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and more expensive, thus losing some of their utility.

The interactive war game under development at the Army War College

to simulate theater-level combat solves the increasingly complex input

problem by permitting Ofree-formm inputs. Inputs which are out of

sequence, not in the proper column, or missing a decimal point do not

destroy the game. Instead, the input line is scanned looking for key-

words which the computer recognizes. When insufficient information is

presented in an order, the computer asks for more. Instead of being

cryptically encoded in a series of numbers, input to this war game is

much like English. The following lines are examples of valid inputs:

M(YE107 VTO CC51 AT 20 MPH SORTOW
START 11.50 HOURS To CC51 AT 20 14PH B17 [GME
R116 MOE TO LK52

AIR ON MC54 FRN B701 45 SRIES
AIR PO B701 - 45 BMTIS CH W54
45 SCIMS AIR ON M54 IWN B731

F~JMP¥ B651 WIs so (V L
55 TOES AW TO RESDPLY B651

These very flexible, English-like commands will reduce, to about an

hour, training in the mechanics of playing the war game, thus allowing

more time for using the war game. 7he same commands can be used for any

part of the world, so no retraining will be required to move from the

MM to the id-East War Game.

Theater models tend to inundate the garners with more information

than they can possibly handle, just as a real theater commander is

flooded with informatiom Yet at 39 characters per second, it is pre-

sently impossible for a terminal to keep up with all of the important

events in a theater, especially if the simulation is running faster than

real time. Computer grapics, however, can rapidly draw and redraw the

entire theater map or any portion of it and the location of all units.
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This information can be displayed on a TV tube, on a large-screen dis-

play (6-foot or larger TV projector), on an electrostatic printer, or on

a plotter capable of drawing full-size overlays.

By means of digitizing tablets, computer graphics hardware can

provide an alternative to free-form inputs. Maps can be placed directly

on top digitizing tablets which are available as large as 42 inches by

60 inches. Then, to move a unit on the battlefield, simply touch the

unit with the pen provided and touch its destination on the map.

New voice synthesizers and voice recognition devices open new

possibilities for the future challenge. Already using an English-like

language for typing commands, now these commands can be spoken into the

computer. Relatively inexpensive voice recognition devices capable of

recognizing up to 64 different words are currently available for per-

sonal computers. These personal computers can be tied into existing

large-scale computers and graphics peripheral equipment.- Such a system

would represent a closer step to reality for the input-output process.

War game results also could, be presented in three ways-by a computer

synthesized voice, graphically, or on a typed page. Such a system would

allow maximum two-way transfer of information to and from the computer

while making the interface between man and machime more transparent.

The projected picture for the future of war gaming is actually

infinitely limitless for the Armed Forces. Pure Army problems are no

longer separable into neat, tidy packages. Under current trends most

Aryproblems are composite military operations intrinsically entangled

with social, cultural, economic, and political factors at home,, and

abroad. Kilitary art has become more analytical requiring the manage-
ment science resulting from MR.I With the change, the computer is the
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fast reliable automaton, a process controller, an information processor,

and a decisions selector.

Decision-making in the Armed Forces will become increasingly more

dependent upon OFSA and less on experience. Even the experienced mana-

ger must couple his experiences with new methods and accept complexity

in order to keep pace with the modern order. Management personnel in

the Armed Forces are becoming increasingly aware with better education

and training; hence, they tend to place a greater emphasis on quantita-

tive scientific methods and logical analysis.

The MW for Tva e Zwhnnloa

Cbjectives of the High Technology Light Division Study include:

(1) Develop an analytical basis for evaluating variations of

the HTLD.

(2) Develop analytical methods to measure the effectivenes of

and compare various organizations.

(3) Analyze various organizational options within the H7LD to

develop a preferred division structure.

(4) Compare. the base case RHO with DIV 86 and the C-series

ID.

(5) Recommend the organization of the HILD on the basis of

combat effectiveness, strategic deployability and cost.

Organizatim for the dynamic advanced tecbnology battlefield is shown by

Tble XVIII.
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TABIE XVIII

OWMAIZATICH OF DYNAMIC BATMhEFIELD

AREA OF OPERATION FORCE ASSIGNMEM AND COXl

Deep o Fight as Deep as o Maneuver o DOC
Battle Possible - (CAA o Fd O4d s &
Area o Degrade Enemy CST - Light Atk Units Plans Center
(15-70 KMs) Effectiveness o ADC-O

o Strip Away Enemy o Fire Support
Recon - Rocket Arty

o Mass at Critical - Air Defense
Points Arty

o Deep Attacks - USAF
- EW (Deep Spt)

Near o Contain EnaW o Maneuver o MC
Battle Strength with - Maneuver Bdes o Coumad Ctr.
Area Minimum CBT Power (0-15 0%) o O
(0-15 Kls) o By-Pass Enemy - Maneuver Bns o hc CP

Strength (9--5 1MB) (Option)
o Achieve Decisive - LT MTZ Unit

Results at EneWIys - Assault Gun
Weak Points Units

o Flank/Rear Attacks - CAA /Light Atk
o Prevent Envelopment Units Reinforce

o Fire Support
-Cannon Arty
- Air Defense
Arty

- USAF,' - EN (F~d Sp:) .

Rear o Neutralize EnuV o Maneuver o mvc
Battle - nvel&ope - (BM a Rear Opms a
Area - Plank Attacks - Light Atk Units Spt Ctr

- Penetrations o ADCS-
- Infiltration o Fire Support

- Rocket Arty
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CONCEPT ROUTINE 0*P=
AREA OF OPETICN FOR ASSI T AND

- Air Defense
Arty

-USAF
- (Deep Spt)

Logistics o Pjagt and Main- o IA Units o HW Rear
Battle tain Sustaina- o BSA Units Elm

bility System o Fire Spt Coordi- o DISCOM C
o Spt Fluid Opns On nation Capability

Porous Battlefield
o Prepositioning
o Reconstitution

_imt~ing e Babttlefiol t of he 21st Ctury

The Army can successfully accomplish the worldwide contingency

missions postulated for the Year 2000 by exploiting the potential of

high technology. To do this requires a sophisticated understanding of

strategy and operational art.

The following areas must be continually mesed:

(1) The conceptual underpinnings of strategic thought

required for anticipated global contingencies.

(2) Current future platms in terms of appropriateness for turn

of the century missions;

(3) The institutional framwork and systemic processes which

currently govern the rate and quality of the force structure relative to

their effectiveness and efficiency.

The viability of the Army at the turn of the century will depend

upon revolutionary shifts in traditional Army approaches and philoso-

phies of warfare. Some of thes revolutionary initiatives are:

(1) Developmeft of force comonality and modularity.

(2) Mvenced eoation programs beyond the Masters Degree for
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Army Officers.

(3) Fstablishment of direct interfaces with the techno-

logical - scientific - academic communities.

(4) High technology force structure.

(5) Realignment of Army doctrinal development to take greater

account of both history and technology.

(6) Development of multi-skilled technological oriented

soldiers.

(7) Greater emphasis on joint-integrated battle simulation

arrangements.

(8) Extended periods of service and stabilized career

programs.

GETTING WM IHE VURE NOW MMIRES BEOMIN A PART OF THE RAPID

CHAN S TAKING RACE. 70 GOT CH MP OF THIS, 70 DOMINATE 11E FUURE

BAITLEFIELD, REIRES NOT ONLY BDOD-BASED CREATIVE 1110GM PROCESSES

BUT A BELIEF IN NAGEMV SCIENCE. SUCH A BLIEF MUST BE WELL BEY=W A

SUPERFICIAL RMERSTAINM OF THE TECHNIQUES INVOLEm. THE CHALLENG

LIES IN tEVELOPIRM AN APPROPRIATE BLW BETWEEN 1E ART OF LEADERSIP

A ThE SCIENE OF MANGEM T.
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CQAPTER VIII

ODNCLSIONS AND RIIUI)ATIOMS

The complexity of problems that the Armed Services face in this

last part of the Twentieth Century can only be solved within the highly

scientific and specialized man-machine environment of Operations

Research/Systems Analysis. The socioeconomic, political, and cultural

factors creating present and future military problems also produce the

same impact upon business and the industrial base. The challenge of the

future of Operations Research/Bystems Analysis is one of enormous diver-

sity and unlimited horizons in which the creative leader can develop new

machine systems and advanced programs for decision-mig.

Many of the conclusions and recommendations from past studies are

still app1icable today. The simulation of modern systems imposes,'4

demands for an increasingly well-educted and imaginative leadership.

Also required are clcer links between the military and the techno-

logical-ecientific-academic communities. L areas of need I
linger on. Tere are continuing needs for: better data; more statisti-

cal analysial greater mderstanding of the impact of human factors on

the future battlefield highly developed informational networks within

the modeling community; and, integrated management structures for study

and analysis.
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War gaming applications will continue to be developed along with

the advanced practice of Operations Research. As more is learned about

techniques for realistic simulated experience, more sophisticated models

will be utilized in order to better assess threat environments.

Decision-making capabilities will also increase with continued

use and improvement of modeling techniques.

Future predictions will become more closely aligned with actual

events as analytical techniques are refined. Limitless possibilities

will abound as the Military becomes more involved and more invested

in the art of Operations Research model building.

Too often the need for a model is poorly defined. The modeler is

often left to his own devices to scope the work. A clear statement of

the requirement is an essential first step in model building. Require-

ments must be derived from concepts and represent a set of clearly

stated issues against functional area descriptions. It is a tedious

pro to develop issues and then decide how much functional area

resolution is needed to capture the essence of a process or activity.

The Army needs a formally established structure to develop and

exploit future isses. Current analytical suport to the W is not

rob t er h to handle the Bl concepts. Models cannot represent

dverything for everybodyl they must be tailored for vital decision

-issues and modified to meet specialized study requirements.

The Army study and analysis commnity is decentralized. 7he MN

and analytical agencies have enormous latitude in focusing analytical

resources. HMR could provide more direction on the central issues in

order to work on models today to met future needh. I options for
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model development range from a quick, *good enough for government work

approach" to one that uses a top-down structured design. In the former

case, the emphasis is to get the model running quickly regardless of its

shortfall. The latter approach is structured and drives off a clear

user requirement statement to develop preliminary ind initial design

specifications beg= the coding process begins. K rgue that the

structural approach is most efficient.

When model development goes beyond attrition the interactions of

maneuver, firepower, intelligence fusion, support and C2 forms a gestalt

that defies a simplistic, piecemeal approach. It does not make sense to

build a model that represents everything in great detail. The present

technology is not responsive enough to insure that such models will not

fail, either in development or in execution. The challenge is to

extract the essence of processes from a selected, specified portion of

reality. This calls for close coordination between all of the various

agencies involved in building and using Army models.I]
With the increased modeling scope, the need for data has expanded

tremendously. This data ranges from item system performance to function

performance, environment considerations and extensive decision logic.

Data voids can be filled by a directed effort to mass the resources of

organizations such as OTA, CMEC, NM, units, national laboratories,

CGSC, and the war colleges. Many data shortfalls are unique in that we

are prohibited from doing essential testing to gain necessary insights.

The A does not yet realize the importance of Artificial Intelli- 4
gence (AI). The Army Science Board has begun investigating this area;

however, most applications are considered against robotics. In the

modeling area, AI offers enormous opportunities to automate complex
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decision logic in simulations and analytic models. AI can be used to

speed up war gautes by automating many routine decisions now left to

gamer interaction. As more C2 and intelligence is programmed into

models, AI techniques like pattern recognition, knowledge base and

expert systems techinques can assess the perceived state of the battle-

field against the commander's desired state. Then, criterion-based

decisions may be determined from among alternative courses of action.

While this advanced technology is impressive, it does not release the

Army from front-end analysis of key parameters for criterion-based

decision logic. It calls for futuristic thinking and judgment well in

advance of specifying a model architecture or writing code.

The CSA recently advised the ANIP developers to build in a capa-

bility to do force-level, corps/division level operational planning. He

is concerned that modeling has focused on combat development and systeln

acquisition. GEN Starry has the same concern at FMD=N; an analyticl

capability to analyze the development, employment, and sustainment of

contingency forces.

Actions are needed in the eighties to get to the year 2000 with

some success of exploiting high technology. The Army needs to formally

constitute a group of futuristic thinkers covering all functional areas.

Technology breakthrough must be captured in the following areas:

(1) Conputer and graphics capabilities

(2) Artificial intelligence

(3) Distributed processing

(4) Data Base anagement schemes

There is always a tendency to attempt modeling in great detail.

The art of the process is not in complex modeling but in the ability to

tailor a model to a very specific purpose. With revolutionary changes
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on the battlefield, modelers usually are locked into an evolutionary

model development approach. Changes in modeling can be anticipated by

long-range study and planning. The modeling community must put players

in front end concept development schemes in order to gain timely analy-

tical support.

The following actions are recommended:

(1) Create a cataloging element within the Army modeling

community in order to produce an annual, comprehensive catalog of models

used by the Army. Include a catalog section devoted to review and

analysis.

(2) Establish time-oriented objectives for Army and DA

civilians involved with modeling activities for attendance at profes-

sional conferences such as those held by C SkVIMS. Require minimal

attendance standards per year.

(3) Establish proactive components in all organizations

directly involved with modeling activity. Include in their charter,.

responsibilities for close liaison between model developments and force

modernization processes. Also include responsibilities for examination

of High Technology issues such as Artificial Intelligence for applica-

tion to Army Models for future combat.

(4) Create a HMA element for coordination and management of

all Data De issues required for Army Models.

(3 nd the MWP internal structure and continue suport

in order to achieve an initial test of the Army Models Hierarchy by the

end of 1983. Plan for wide dissemination of results.

(6) Use selected portions of the Brewer and Gubik survey
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form for the TRADOC Model Inventory shown by Apendix A to TRADOC Reg 5-

4, Management of TRADOC Models MRAFl.

(7) TRADOC, in coordination with CAC, accomplish an exten-

sive, comprehensive study and survey for the separate publication of

Modeling terms and definitions.

(8) CAC, in coordination with TRANlO, conduct an annual "CAC

War Game Week" orientation and seminar for newly assigned serdor off i-

cers, selected individuals in the Army Modeling Community and guests

from the scientific-academic communities. Such a seminar would foster

coordination and communication in the analytic community as well as meet

1IAD requirements for the continuing education needs of senior

Vanagers/Decision-mkers.

(9) Include all TRAO models, regardless of size, under the

purvue of TRNAOC Reg. 5-4. Structure a coordinating link between the

AMC and the TRADOC Models Committee.

(1f) Continued development and enhancement of MTN by the Army

War College and other users. Allotment of more time for MTM instruction

and play for USNX students.

(11) Increase official publication of model documentation by

all Army activities responsible for models. Encourage additional publi-

cation of an informative nature in the open literature eg., Jnzm.

of kh (taratiima ]Rbma~h Roi f Aer i'. Adopt formal guidelines

and standards for reporting study results.

(12) DMO(R) re-examine charter and expand guidance and

direction to Army Modeling efforts. Include design for future priori-

ties and specific actions.

(13) Establish standards, methodology and formats for exter-
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nal, periodic review of all Army Models. Initial actions could be

undertaken by the SPMO or the Army Models Review Committee to allow for

involvement of review members from the academic-scientific community.

(14) Maintain decentralized control of models throughout the

Army, to foster creativity and individual model tailoring, but require

specific coordinatio actions, centralized management direction and data

base control. Such actions must originate at CSA, VCSA or DJSA(O.)

levels.

1
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APPENDIX I

MONTE CAFW TEQUI

The development of Monte Carlo techniques has a lengthy history.

There is some disagreement regarding appropriate terminology. Harling,

for example, suggests that "simulation" is to be preferred to "Monte

Carlo" since the latter term suggests limitation to statistical sampling

experiments and the former implies a more inclusive stochastic model.1

General practice, however, does not tend to make this distinction.

Teichroew suggests that simulation is an extension of distribution

sampling practiced by statisticians since the turn of the century and

provides an extensive bibliography of early studies.2 Investigation of

Monte Carlo techniques thus preceded, by quite a while, the origin of

the term. Buffon's needle problem and Lord Rayleigh's "random walks"

are examples. Current development is attributed to the work of von

Neumann and Ulam during World War II on neutron diffusion. The paper by

Metropolis and Ulam coined the term "Monte Carlo" and is considered to

be historically significant. Their approach, still an application of

Monet CarLo, was essentially a statistical one applied to integrals and

differential equations. The development of Monte Carlo techniques has

been enhanced by the concurrent development of computers so that it is

now relatively simple to apply to a wide range of war gaming situation&.

Monte Carlo simulation consists generally of transforming random
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variables to variates of selected density functions based on observed

data, e.g., weapon system characteristics. General discussions are in

Amstadter4 and Brown,5 with more detailed treatments in Chorafas6,

Fabrycky,7 and Buslenko et al.
8

Monte Carlo is also described in much of the literature of opera-

tions research. Chase and Aquilano, Bierman, Bonini, and Housman 1 ,

King, 11 and Buffa1 2 give methodologies and sample applications, espe-

cially to queuing problems. in reliability studies, Thoman, Bain, and

AntIl 3 and Nancy R. Mann, 14 have used Monte Carlo for work with the

Weibull distribution. Complex systems are treated by Curtin1 5 and

Gilmore.16

Since Monte Carlo techniques require a source of random numbers,

the problem of their generation appears frequently in the literature.

Three methods have found favor. The first, and earliest to develop, is

tables of random numbers which have been subjected to statistical tests

for randomness. The RAND Corporation, for example, in 1947, generated

106 random digits from a physical source. The use of tables, however,

is generally unsuited for use with computers. Von Neuman and Metropolis

proposed an alternate means of generating random numbers, which is

described by %lueP7 and Chbers1 8. This method, however, has faults

also and has been superseded by methods which are more rapid and eco-

nomical for computer use.19 A commonly used method originally developed

by IBM for their subroutine package, RAIM, is described by Schmidt and

Thylor.20 Owe a random number is generated it is then necessary to

truuform it to a variate based on the distribution being considered.

Geral discumions of tansformation. are given by Roxlov2 l and

erakowit 22 as well as smveral of the bibliographic referene. M

of the varius tedbniques may be employed in the develoent of war gm
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situations in order to provide more realistic simulations of the various

aspects of the modern battlefield.

1
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APPMIX 2

A model attempts to portray something without completely being the

thing itself. Models are used to aid understanding of an actual event

or possible occurrence. Models can be symbolic, such as mathematical

portrayals of actuality. They can also be analog, such as scale models

and mock-ups." A model can be constructed to combine portions of

actuality with simulated (or modelled) portions of reality. Such is the

case with a war game that uses actual players to make decisions based on

a simulation (model) of realistic events.

In the case of past events, models can be developed that completely

explain selected aspects of the event. This is the case when the past

event is well known. The term wrealistico is used when dealing with

future events since reality can only be known as a current or past

event. Even with historical events it is often difficult to find

common, wide-spread descriptions of relevant reality.

Single mathematical equations are examples of simple models that

are very often so based on reality that their use to explain potential

future reality is highly accurate. Many relationships such as these are

found in the hard" sciences. As models increase in their degree of

complexity and inclusion of the human dimension, the accuracy of results

becomes more a matter of judgement. Were all of the relevant variables
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accounted for? Was there a realistic relationship between the vari-

ables?

Models are used for many purposes. Many are used to examine selec-

ted aspects of a posed or real situation in order to explain or to

predict events. Models are also used for educational and recreational

purposes. They are most applicable when it is either impossible,

infeasible, or too expensive to replicate reality. As abstractions of

reality models attempt to represent those aspects of the real world

which are judged to be most applicable to the issues under examination.

In the Army, models range from extensive field exercises to concise

mathematical statements used to examine a specific weapon. Their pur-

pose includes training, testing of plans, analysis of force structures

and evaluation of weapon systems. Specific moodels have also been deve-

loped for logistics, electronic warfare and many other. subsets of the

modern battlefield.
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APPENDIX 3

OPERATIONS RESFARCH VERSUS SYSTEMS ANALYSIS

Only subtle differences exist between the terms DratiawJ

{ JOR) and Systems Analysis (SOA). The demarcation is a mallter

of degree; thus, the terms are often used interchangeably or simply as

ORSA. The definitive usage of the terms is left to the group or team

engaged in a particular analytic activity.

Basically, OR is more concerned with mathematics or logical thought

processes backed by careful observation and methodical analysis. For

rational decision-making, the right answers must by provided at the

right time. Often, OR is used to increase the efficiency of a man-

machine system in a situtation where criteria for efficiency has been

specified. Frequently, a computer model is relevant to the case. OR

derived from scientific activity which was firmly grounded in the success

of the scientific method.

Systems Analysis, on the otter hand, is more complex than OR,

because it deals more with what should be done to the establishment of

objectives, models, costs, alternatives, and criteria. It thus repre-

sents more of a normative, intellectual activity. The key to successful

analysis is in the complex and continuous cycle of formulating the

problem, selecting objectives, designing better alternatives, and

examining feedack data. These various alternatives are usually exa-

127

-t-



mined by means of models. The models help to explain various elements

to include costs. The measures of effectiveness tell to what extent

each objective is attained. A criterion can then be used to weigh costs

against performance and, thus, give priorities to the alternatives.

Systems analysis may be considered as a purely intellectual

approach to decision-making - a coldly objective method free of bias,

judgment, and intuition. 2 However, judgment and intuition are used in

designing models. Also, judgment is used in deciding on relevant fac-

tors and their inter-relations. Hence, many elements of the unknown are

contained in certain variables which may be seen to exist in systems

analysis. It is well to keep them in mind when considering the

"factual, statistical, error-free" data offerd by the systems analyst or

operations researcher.

First introducted in World War II studies, systems analysis stems

from weapons analysis. In related literature, it may be referred to as

S~te.s awm rgbhM~m RaI~ im, _stem EM'neel, and even as

CSMtm Resergh. 3
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APPWVZX 4

IhIDELI!G DEFINITIONS

1. An~yig Model. A set of expressions that generally aggregate the
actions they examine by means of mathematical relationship. They
can often be utilized by the analyst at his desk or with minimal
coaputer support.

2. Cor Grgg. A desplay in color of an event occurring within an
automated or partially automated war game.

3. C--ar-nistd Game. A manual game utilizing digital computer
assistance for bookkepping and damage assessment. Also called a
manual-computer game.

4. PDtAjua. A single source with all data required by a model.

5. m i-Ln, m A game conducted to provide military commanders
or executives with decision-making experience, and to familiarize them
with the operations and problems involved.

6. For-- -Zrce &dgl. The depiction in a model of a two sided
military engagement which plays the principal factors having an
influence on ombat.

7. Punw nmal M da'. The depiction in a model of a two sided military
engagement in which only one functional element of combat is
considered in detail.

8. go& A physical or mental competition conducted according to
rules with the participants in direct opposition to each other.

9. & A game in which the player has only such knowledge of
his own and his opponent's situation as is transmitted to him from
the game control group.

10. . A simulation of a competitive situation carried out
completely on a computer in which the only human intervention is by
the players thmselves issuing orders.

11. g A game in which the results of interactions between
opponents are determined ubjectively by the control staff on the
basis of experience and judpint.
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12. game. Free-play. A game in which the player is free to make any
tactical decisions he desires consistent with his resources and the
game objectives.

13. fg - at. A measurable condition which is assumed to be
constant with respect to game time.

14. Game M=M A mathematical theory concerned with the choice
between alternative cources of action by opponents, where the
outcomes can be specified mathematically.

15. ardware. Computer equipment necessary for program (software)
input, transformation and output.

16. T -lim A device peripheral to a computer which
provides either for input to the computer, or output in graphic,
audio or printed form.

17. I -t-O t .MinaL. A special term used for the point of man-
machine interface.

18. Tave. The range of the echelons of military command which are
represented by the players in a war game. Also, the lowest echelon
of crmnand which is represented by players.

19. La3MeLg ma. The largest formation on the side of principel
interest whose play is required for the objective of the game.

20. The way that techniques are procedures are employed
in a study or analysis.

21. agg. A representation of some thing, event or system.

22. , nte Crlo Nmhbr. The use of random sampling procedures for
treating probabilistic mathematical problems. The sampling
procedure may involve some variance reducing technique if the name

Moante Carlo" is given to it. Sometimes it is convenient in the
process of a calculation to replace a deterministic situation by a
related probabilistic one which is then treated by the we of Monte
Carlo methods. (See Appendix 1.)

23. gort-im I,,l. Models which deal with force effectiveness.
They include analytical models and force-on-orce models.

24. . A model which examines the way in which a
system discharges the tasks for which it was designed. Performance
models may be one sided, or they may be two sided in which case
they look at single system against oe or a few systems.

25. LUX. A single run-through of a game, sometime used also to
represent replications of a game under a single set of starting
eruditions.
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26. RlIAr. A participant who represents or is part of a group
representing one of the opposing sides in a game. In a war game,
the players assume the roles of commanders and staff officers of
military units or formations.

27. Post PrE oaor. A set of logic which converts raw data developed
by the computer into usable form by means of statistical
applications, ordered groupings, charts, graphs and tables.

28. PaAlity. A concept that consists of an infinite number of
interacting variable processes. Isolation of a selected number of
these variables can be used to portray some part of reality that is
considered important. Past events, if accurately observed and
carefully recorded, can be modelled with greater accuracy than
unknown future events.

29. Pasalutim The basic units of force, distance and time used in a
war game.

30. hummm the total capabilities of each force represented in the
war game, including logistical, marower, firepower, mobility,
ccmmunications, reconnaissance and command.

31. Routine A major element of a model; an ordered set of instruction
that has frequent use.

32. Sul& An objective statement of the results of any particular
action or interaction between opxnents in a game. This objective
statement may be either deterministic or probabilistic in nature.

33. BUeDlM.rministir, A rule which states precisely and uniquely
the results of any particular action or interaction between
oppomts.

34. Th1 Prul h 1-aIf A rule which states the results of any
particular action or interaction between opponents in terms of a
probability-density function, the precise result which is to e
applied on a given occasion in a game is determined by sampling
rendomly from this distribution. (e.f. rule, deterministic.)

35. m The structure of a war game, giving location, size, and
development of forces, doctrine to be used, environments and
military tasks to be ac=Wished by each side.

36. A~u atiM A technique used to study and analyze the operation
and behavior or man-mhin system in tems of the elements of
which they are omposed, It uses an a basis an imitation of reali-
ty which maw include one or more of the following: (a) physical
(including mecaical or electrical) model, (b) mathematical or
symblic models, and (c) hwian operations. Thme are inter-related
(and manMp1latAd) in such a way that there is oorre9ond n with
relemvt characteristics of the reW" system study. Conclu-
siaon about this systm are then drawn by analogy.
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37. Sim ion. arminiatic. A simiulation in which the outcome is
predictable and the element of chance absent.

38. oi~nt4n. Pr il 4i.4ti A simulation in which the outcome is
subject to chance variations. Also know as stochastic simulation.

39. flrArttnwka'xditaia. Instructions and information Assued to
players to initiate play of a war game. These usually include a
statement of the mission to be achieved, forces available,
boundaries, intelligence appreciations, and so on. Also called
game directive.

40. %znutjj*. A program which can be stored in the main or auxiliary
program of a digital computeL and used as part of other programs to
perform a specific operation; e.g., a square root subroutine.

41. MainirgJMode A model which is exercised as part of a training
program or course. The trainee interacts with the model, inputting
guidance and receiving from the model combat results form the
operation of his guidance on model logic.

I

42. Training Simulati The generic term for an interactive vehicle-
manual or computer supported - through which command and staff
elements are trained in the perforome of battlefield missions.

43. Nag. A state of armed hostile conflict between opposing forces for
a particular end.

44. NaLlbo.. A simulated battle or campaign to test military
concepts such as the operational art. Usually conducted with two-
sided representation.

45. ]h-ram. To plan or conduct in the manner of a war game.
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